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ABSTRACT

This report presents the results of analyses performed through
mid-FY-87 to estimate the tnventory and distribution of selected
radioisotopes within the TMI-2 reactor system. The intent of the report is
to document the method used in estimating the fission product inventory and
associated uncertainties. Since examination of the degraded core materials
is not complete, the values presented should be viewed as preliminary.
Selected radioisotopes for which best-estimate inventories and
uncertainties are presented include: Krypton (Kr-85), Cesium (Cs-137),
Todine (I1-129), Antimony (Sb-125), Ruthenium (Ru-106), Strontium (Sr-90),
Cerium (Ce-144), and Europium (Eu-154).

The TMI-2 inventory data will provide a basis for relating the fission
product behavior during a large-scale severe accident to smaller-scale
experimental data and fission product behavior modeling work. This is an
important 1ink in addressing the many technical questions that relate to
core damage progression and fission product behavior during severe
accidents.
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SUMMARY

TM1-2 post-accident fission product Ynventories and uncertainties have
been estimated for selected radlolisotopes using:

° the known end-state configurations of the degraded core materials
and the estimated masses for each degraded core 20ne.

° recent laboratory examination data characterizing the fission
product concentration of previously molten core matertal samples

taken from the lower plenum region.

The Information presented is an extenston of previous work and
includes a discussion of the methods for quantifying uncertainties in the
inventory values.

Inventory values for selected radliolsotopes are summarized below.

Fisslon Product fstimated Inventory

High Volatility

Kr -85 86% (24%)
Cs-137 104% (£3%)
1-129 68% (£4%)

Nedium Volatility

Sb-12% 4% (£3%)
Sr-90 112X ($10%)

Low Volatiliity

Ru-106 48% (£3%)
Ce-144 100% (18%)
Eu-154 85% (£7%)

The estimated noble gas inventory agrees to within about 15% of the
best-estimate calculated total core inventory. However, there appears to

"



-

be a wide range in accountabtlity for all other fission product groups
(i.e., high-, medium-, and low-volatility groups).

In the high-volatility fission product group, cesium appears to be
accounted for to within 10%; however, up to 30% of the iodine has yet to be

accounted for.

In the medium-volatility fission product group, the fraction of the
core inventory of antimony accounted for 1s less than 50%, while the
strontium inventory agrees with the best-estimate calculated total core

value.

In the low-volatility fission product group, the ruthenium inventory
appears to be low (less than 50%), while the inventory for cerium and
europium appear to be within approximately 10% of the calculated values.

Data from the following fission product repositories were considered
in estimating the post-accident inventories:

. In-RCS Repositories Ex-RCS Repositories
Degraded Core Reglons Reactor Cooling System

Upper core debris Hot leg piping surfaces Reactor building water

Previously molten core Upper plenum surfaces Reactor building
material sediment

Steam generator surfaces

Partially intact fuel Reactor building lower

rods Pressurizer surfaces walls

Previously molten core Steam generator sediment Reactor building upper

material in the core surfaces
former zoned Pressurizer sediment
Reactor bullding air

Previously molten core Makeup/purification space

material in the core demineralizer sediment

support assembly (CSA) Auxiliary bullding

region Reactor coolant drain tank 11quid
Lower plenum debris RCS coolant Auxiliary bullding gas

release

a. Core former zone includes that region containing the core former plates
and baffle plates.
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Several major assumptions were used in estimating the above
Inventortes. These \nclude:

V. Tnhe specific activity (uCV/g) of those regtons containing
previously molten core materlals for which sample examination
data are not yet avallable (e.g., molten core z0ne, the core
former regions at the core periphery, the core support assembly
regions below the core) Vs assumed to be the same as the measured
data from the previously molten lower plenum debris.

2. The pre-accident total core nventory for the isotopes considered
is not measurable and s assumed to be given by the ORIGEN?
calculated values. No error has yet been asosoclated with these
calculated values.

3. No uncertainty has been assoclated with the “typicality” of the
1imited samples for each unique degraded core zone in
representing the estimated total mass of degraded core material
from that rone. Additional analyses will be required to estimate
the variability In the measured degraded core actiities as the
data become avatlable.

4. Fisston product retention in the Intact rod reglons was estimated
based on the end-state core configuration as \nferred from core
drilling and visual inspection data, and from the following
assumptions:

] the retention of the higher volatility fission products
within the fuel s 95 ¢ 5%

(] the retention of the medium and lower volatility fission
products within the fuel s 99 ¢t 1%.

Because limited activity data are currently avatlable from most
degraded core material zones (necessitating the assumptions summarized



above), the above inventory values must be viewed as preliminary and are
expected to change as more core material examination data become
available. The uncertainties associated with the inventory values are
recognized to be relatiavely small, because data do not presently exist to
resolve the above assumptions in data variability. As additional data
allows resoltuion of these assumptions, the uncertainties in the inventory
values are expected to increase significantly.
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TM1-2 FISSION PRODUCT INVENTORY £STIMATES

V. INTROOUCTION

The TRI-2 accident severely damaged the reactor core causing
significant release of fission products from the fuel. Recent defueling
data have confirmed that as much as 35-45% of the core material nelted‘
and an estimated 15-20% of the original core matertal relocated to the
lower plenum reglion of the reactor vessel in a molten state.2 Because of
this extensive core damage, the THI-2 accident offers a unique opportunity
to extend our knowledge of: ‘important physical mechanisms affecting the
Init1al core relocation of core material leading to a non-coolable core
configuration; migration and Interaction of molten fuel with core support
structures, reactor vessel coolant, and the vessel lower head; and the
assoclated fission product behavior resulting from these processes.

The TMI-2 Accident Evaluation Prograu3 1s belng conducted for the
DOt as a severe accident research effort and has the primary goal of
establishing a consistent understanding of the mechanisms controlling the
core damage progression and the resulting fisston product behavior. This
improved understanding Vs being developed through:

° examination of the end-state degraded core materials and damage
to the core support structures,

) interpretation of the TMI-2 data recorded during the accident
relative to the reactor system thermal hydraulic response
(including core damage progression), and

) analysis work to iIntegrate these data lnto a consistent scenario
of core damage progression and fission product behavior.



A key part of the TMI-2 research yet to be completed is related to
fission product behavior. Three major efforts are currently underway to
understand the important aspects of fission product behavior resulting from
the accident. These are:

. evaluate the total quantity of the measurable fission products
and their distributtion in the reactor systems,

] estimate the fission product behavior (release and transport)
during the high-temperature portion of the accident, and

] analysis work to relate these results to core damage progression

and source term technical issues.

This report addresses the first of these tasks, i.e. completing a
best-estimate inventory of the measurable TMI-2 fission products.

Measurement of the fission product release from the core has been a
major focus since the accident and was essential to the early estimates of
core damage. It was recognized from the early radiation measurements that
the release of radioactive iodine was orders of magnitude lower than
expected. Extensive radionuclide measurements have been made since the
accident in support of plant recovery work. The radiclogical inventory
estimates based on these data have been pubHshed.4

The results documented in this report are an extension of the work
presented in Ref. 4 and include an estimate of uncertainty in the
calculated inventory for the measurable (longer-lived) isotopes. In
addition, more recent data derived from core defueling and laboratory
examinations of core material samples are included.

The report 1s organized as follows. Section 2 briefly summarizes the
best-estimate core damage progression scenario and identifies those
mechanisms affecting the fission product release and transport during the
period of major core damage progression. Also included is a summary of the
relative activity versus time from accident initiation for those



radlolsotopes considered 'mportant for severe accident source term
analysis. Sectlon 3 descridbes the methodology for calculating fractional
core activity inventordes and assoclated uncerlaintles and presents the
results of such calculations using the avallable TM]-2 data. Section 4
presents important conclustons and recommendations for completing the
fisston product ‘nventory work.



2. OVERVIEW OF TMI-2 FISSION PRODUCT RELEASE AND TRANSPORT
DURING THE ACCIDENT AND SUMMARY OF MEASURABLE ISOTOPES

This section provides a synopsis of the important mechanisms affecting
fission product behavior during the TMI-2 accident and a brief review of
the radioisotopes considered important during severe accidents and their
decay characteristics.

The best-estimate core damage progression scenario (accident scenario)
provides the basis for evaluating the fission product release during the
accident. The estimated fission product releases based on the
best-estimate bounding core temperatures can then be compared to the
end-state fission product retention measured from the various forms of
degraded core material to evaluate consistency between the TMI-2 data and
other severe fuel damage experiments and modeling work.

The best-estimate accident scenarioS suggests that the major core
damage progression can be divided into the following time periods after

accident initlation:

1. 100-174 minutes--initial core heatup and degradation forming a
non-coolable configuration

2. 174-176 minutes--B-loop pump transient
3. 176-224 minutes--degraded core heatup
4. 224-230 minutes--core fallure and molten core material migration

5. 230 minutes-15.5 hours--core cooldown and reactor system cooling
recovery.

tach of these periods will be briefly discussed to provide the
necessary background for interpreting the inventory estimates presented in
Section 3.



Inttia) core demage (100-174 minutes). Prior to 100 minutes, the
two-phase forced convection through the reactor vessel provided the
necessary cooling to prevent core heatup. At about 100 minutes, the last
primiry coolant pump was shut off. The 1iquid In the reactor vessel and
upper elevations of the hot legs rapidly settled Into the vessel, resulting
in 2 vessel 11quid level estimated to be near the top of the active fuel.
The 1iquid 'n the reactor vessel continued to decrease as a result of
primary coolant letdown and loss out the pressurizer rellef valve. The top

of the core started to uncover shortly after 100 minutes, resulting In
heating of the upper reglons of the fuel rods. By approximately

140 minutes, the core 11quid level had dropped to below the mid-core leve)
and the upper reglons of the fuel had heated sufficiently to result In
cladding burst (~1100 K). About this time, the operators discovered the
faulty pressurizer relief valve and manually closed the pressurizer block
valve, thus limiting further loss of coolant (and fisston products) from
the reactor coolant system.

By 150 minutes, 1t 1s estimated that peak core temperatures exceeded
1800 X and a significant amount of molten 2ircaloy (fuel rod cladding) and
some dissolved uoz fuel relocated to the lower reglons of the core. This
relocated material solidified around the iIntact fuel rods, forming a
consolidated region of core materdals near the 1iquid level Interface at
about the 0.6-0.9 m (2-3 feet) axia) elevation.?

from 150-174 minutes, the core heatup continued, resulting in
Increased core damage both radlally and axtally. By 174 minutes (Just
before the B-pump transient), the damage state of the core was extensive as
shown in Fig. 1. It is estimated that peak core temperatures above 2200 K
were achieved for times ranging from 20-25 minutes during this period of
the accident. Fisston product release under these conditions, based on the
NUREG-0772 release correlations {summarized 'n Fig. 2), would be extensive
as shown in Table 1.

a. A)) references to core axial elevation In this report will be relative
to the bottom of the active fuel.
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TABLE 1. ESTIMATED FISSION PRODUCT RELEASE FOR TMI-2 CORE MATERIAL DURING
THE DEGRADED CORE HEATUP PERIOD (100-174 minutes)

Approx‘lmatea Estimated
Relative Release Rate TMI-2 Release

Fission Product Volatility {fraction/min) (%)

I, Cs, Xe, Kr High 0.1 100

Te, Ag High 0.015 30-40

Sb Medium 0.007 15-18

Ba Medium 0.0012 2-3

Sr Low 0.0008 1.5-2

Ru Low 0.00002 <1

a. Release rates from Ref. 6 (Fig. 2); estimated time at temperature
(2200 K) is assumed to be 20-25 minutes.




Based on these core temperatures and fission product release
correlations, most of the highly volatile fisslon products should have been
released from the consolidated reglons. However, the lower and periphera)
reglons of core remained coolable and Intact. Calculated total core
release of the volatile fisston products during this period of the
accident, using fuel damage models in which the core temperature gradient
was modeled, range from 30 to 40X of the core inventory (Ref. 7).

The release and transport of fission products during this period are
complicated by many factors. The more important of these include:

° Uncertainty in coolant flow due to the changing core
configuration, particularly the blockage of coolant flow through
the center (consolidated) region,

° Uncertainty of when core slumping occurred and the behavior of
fisston products in the large region of consolidated core
mater1al during and after the slumping process,

. Interaction of the relocating molten core materlals with the
coolant, thus affecting the cooldown of the molten core material,
core steam flow, core cooling, and core oxidation rates,

(] The effect of control rod material behavior on the fission
product transport, chemistry, and core damage progression.

Transport of fisston products from the RCS during the Initial core
heatup and relocation period was limited to the gaseous fisston products
Initially released at the time of cladding rupture and most likely was
VTimited to a relatively small number of rods. Cqolant loss from the RCS
was limited to the makeup/letdown pathways during the perlod of
stgnificantly increasing fission product release from the fuel between
150-174 minutes.

B8-Loop Pump Transient {174-180 minutes). At approximately
174 minutes, the operators turned on the 28-lcop pump. Although the pump




continued running for approximately 19 minutes, significant coolant
injection into the vessel lasted only momentarily (<1 minute as measured

by the steam flow rate in the hot legs). During this brief time, there was
sufficient water injected into the vessel to have covered the core. The
cooling trend of the incore thermocouples indicate cooling of the core was

limited to the peripheral regions.

The impact of the pump transient was significant for two reasons.
First, the upper reglons of the core were severely fragmented from the

thermal/mechanical shock, thus creating the upper core debris as shown in
Fig. 3. Second, the liquid carry-over from the lower vessel to the upper

vessel regions due to the reflood steam generation would have had a
"washing" effect on the upper plenum structures, releasing fission products
which were not chemically bound to the upper plenum surfaces.

It has been hypothesized that enhanced fission product release may
have occurred during the fuel shattering and debris formation as a result
of UO2 fracturing along the grain boundaries. However, it is not clear
from present evaluation of the upper core debris examination data that
significant grain boundary fracturing occurred. Additional evaluation of
the upper core debris particle examination data is presently underway to
address the enhanced release hypothesis.

Degraded Core Heatup (176-224 minutes). During this period, the
interior of the consolidated core material continued to heat up because

internal heat generation was larger than the surface heat loss.
Consequently, a region of molten core material formed in the interior and
continued to grow with time. The best-estimate scenario suggests that by
224 minutes, nearly all of the material in the consolidated core region
(approximately 30-40 percent of the original core material), with the
exception of a surrounding crust which served to keep the molten material
in place, had reached melting temperatures (2800-3100 K) as shown 1in
Fig. 4.

The fission product behavior within the molten pool s thought to have
been primarily dependent on the natural circulation (convection flows) and

10
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bubble dynamics within the poo) and the chemical iInteractions between the
various molten core constituents. Slow diffusion from the molten material
through the surrounding crust would have limited fission product release
from the consolidated core region during this period.

Major Core Relocation (224-226 minutes). By 224 minutes, the molten
pool had grown sufficiently to have caused thermal/mechanical failure of
the surrounding crusts, thus allowing the molten material to drain from the
core region nto the lower plenum. Interpretation of the measured 1M]-2
data indicate that the flow time of the molten core material to reach the
lower plenum reglon was less than one minute. The major crust fatlure and
break-out of the molten matertal occurred in the east quadrant of the
vessel, just above the core mid plane. Figure 5 shows the hypothesized
core configuration during the 224-226 minute period.

The core relocation resulted in breakup of the molten material into a
more coolable “debris® configuration and subsequent cooling of the debris.
Inspection data have confirmed a wide range of lower plenum debris
saterial, ranging from relatively fine, uniform debris (particle sizes less
than 0.5 tnch) to sizable flows of consolidated lava-like material.
Sufficient lower plenum debris has not yet been examined to determine If
significant release of fisston products occurred during the migration
period. Additional lower plenus debris exaninaf\ons will be required to
answer this question,

A comparison of fisston product release from the TNI.2 lower plenum
debris to that expected from core material experiencing a similar
temperature transient is summarized in Table 2.

RCS Recovery Perlod (226 minutes-15.5 hours}. This pertod was
characterized by continued attempts to establish forced coolant flow
through the vessel. Cooling of the degraded core continued throughout this
period. It s estimated the lower plenum debris was cooled within
0.5-1.0 h after the initial relocatton at 224 minutes. However, the
matertal in the degraded core region required days to reach equiltbrium
with the surrounding coolant.

13
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TABLE 2. COMPARISON OF (a) FISSION PRODUCT RELEASE ESTIMATES FROM THE TM]-2
LOWER PLENUM DEBRIS, AND (b) RELEASE FROM UO, FUEL ASSUMED TO BE
AT TEMPERATURES RANGING FROM 2800-3100 X FOR 10-30 MINUTES USING
THE NUREG-0772 RELEASE CORRELATIONS

TMI-2 Rsiease NUREG-0772 Release
fFission Product (%) (%)
Cs 65-100 100
Sb 85-100 100
Sr 32-100 10-60
Ru 84-100 1-3

a. The release estimates are based on measured retention values from
Ref. 8.
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In attempting to establish RCS flows during this period, the
pressurizer block valve was cycled many times, resulting in significant
coolant transfer to the containment building. Since the majority of
fission products were resident in the RCS coolant shortly after the
relocation event (226 minutes), the major fission product transport from
the RCS to the containment occurred during this time period. The coolant
flow through the PORV is shown in Fig. 6; notice that very 1ittle transport
of RCS water to the containment occurred between the time of pressurizer
block value closure (~140 minutes) and the major core relocation at
225 minutes. Thus most of the water transferred from the RCS to the
containment (and hence the fission product transport from the RCS) occurred

after the major core relocation at 224 minutes.

Measurable Fission Product Isotopes. Table 3 1ists the important
fisston product (and actinide) isotopes commonly considered for evaluating

severe accidents. Using the ORIGEN2-calculated total core activity levels
(Ref. 10) at the time of shutdown for those isotopes l1isted in Table 3 and
the 1isted decay constants for each isotopes, those radioisotopes
contributing 95% of the total core activity were estimated for times of

1 day, 1 month, 1 year, and approximately 8 years (to present). The
results (Table 4) show that the total activity has decayed several orders
of magnitude since the accident and those isotopes contributing 95% of the
total activity have decreased from 17 at one day to only five at the
present time. Thus, only a Timited number of radioisotopes can presently
be readily measured from the core material samples.

In the next Section we discuss the methodology used to estimate the
activity inventory and the resulting inventory estimates for the
longer-1ived (measurable) isotopes.

16
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TABLE 3. RADIOISOTOPES CONSIDERED IMPORTANT FOR LIGHT WATER REACTOR SEVERE
ACCIDENT SOURCE TERMS

Half Life
Element Isotope (days)

Cobalt Co-60 1.92 x 103
Cobalt Co-58 7.10 x 10}
Krypton Kr-85 3.95 x 103
Krypton Kr-85M 1.83 x 10°)
Krypton Kr-87 5.28 x 10‘?
Krypton Kr-86 1.17 x 10~
Rubidium Rb-86 1.87 x 10]
Strontium Sr-89 5.21 x 10!
Strontium Sr-90 1.10 x 104
Strontium Sr-91 4.03 x 10-!
Yttrium Yt-90 2.67 x 100
Ytrium Yt-91 5.90 x 10"
Zirconium Zr-95 6.52 x 10!
Zirconium Zr-97 7.10 x 101!
Niobium Nb-95 3.50 x 10}
Molybdenum M0-99 2.80 x 100
Technetium Tc-99M 2.50 x 10-1
Ruthenium Ru-103 3.95 x 10!
Ruthenium Ru-105 1.85 x 10!
Ruthenium Ru-106 3.66 x 102
Rhodium Rh-105 1.50 x 100
Tellurium Te-127 3.91 x 10-1
Tellurium Te-127 1.09 x 102
Tellurium Te-129 4.80 x 10-2
Tellurium Te-129M 3.40 x 10-"
Tellurium Te-131M 1.25 x 100
Tellurium Te-132 3.25 x 100
Antimony Sb-126 1.24 x 10!
Antimony Sb-125 9.96 x 102
Iodine 1-131 8.05 x 100
Todine 1-132 9.58 x 10-2
Iodine 1-133 8.75 x 10-!
Iodine 1-134 3.66 x 10-2
lodine 1-129 5.80 x 109
Xenon Xe-133 5.28 x 100
Xenon Xe-135 3.84 x 10-!
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TABLE 3. (continued)

Half Life
£ lement Isotope __{days)
Cestum Cs-134 7.50 x 102
Ceslum Cs-135 8.40 x 108
Cestum Cs-137 1.10 x 104
Barlum Ba-140 1.28 x 10!
Lanthanum La-140 1.67 x 100
Certum Ce-10) 3.23 x 10!
Certum Ce-143 1.38 x 100
Cerium Ce-144 2.84 x 102
furopium Eu-154 2.99 x 103
Euriptum Eu-155 1.74 x 103
Neptunium Np-239 2.35 x 100
Plutonium Pu-238 3.25 x 104
Plutonium Pu-239 8.90 x 106
Plutonium Pu-240 2.40 x 10°
Plutonium Pu-24) 5.35 x 103
Amer icium Am-24) 1.50 x 105
Cur fum (m-242 1.63 x 102
Cur tum Cm-244 6.63 x 103
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TABLE 4. TOTAL TMI-2 CORE ACTIVITY LEVEL AND RADIOISOTOPES CONTRIBUTING 95%
OF THE TMI-2 TOTAL ACTIVITY VS. TIME AFTER THE ACCIDENT

Total Core Isotopes and Their
Time After Activity Fractional Contribution
_Accident _{curies) to the Total Core Activity
1 day 3.1 x 109 Np-239 (0.392)

Ba-140 (0.049)
Xe-133 (0.048)

Ir-95 (0.048)
Nb-95 (0.047)
Ce-141 (0.047)
Mo-99 (0.040)
Yt-91 (0.038)

Ru-103 (0.035)
La-140 (0.034)
Te-132 (0.031)
Sr-89 (0.030)

Ce-144 (0.027)
Ce-143 (0.025)

1131 (0.025)
1-133 (0.025)
Ir-97 (0.018)
1 month 6.4 x 108 Ir-95 (0.168)
Yt-91 (0.130)
Nb-95 (0.128)
Ce-144 (0.122)
Ce-141 (0.121)
Ru-103 (0.100)
Sr-89 (0.097)

Ba-140 (0.047)
Ru-106 (0.036)

1 year 7.1 x 107 Ce-144 (0.490)
Ru-106 (0.176)
Cs-134 (0.075)
Cs-137 (0.064)

Sr-90 (0.051)
Pu-241 (0.046)
Zr -95 (0.044)
Yt-91 (0.023)
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TABLE 4. (continued)

Total Core Isotopes and Their
Time After Activity Fractional Contribution
Accident {curles) to the Total Core Activity
100 months 9.6 x 106 Cs-137 (0.389)
(To 8/87) Sr-90 (0.306)
Pu-241 (0.222)
Kr -85 (0.031)

Cs-134 (0.028)
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3. FISSION PRODUCT INVENTORY

Three steps are necessary to estimate the post-accident TMI-2 fission
product inventory for any given radioisotope. The first step is to
identify the major TMI-2 fission product repositories. These repositories
can be grouped into two general categories, internal to the reactor coolant
system (RCS) and external to the RCS. Recovery work over the past several
years has identified the major ex-vessel repositories. Recent work has
provided the data necessary to define the end-state condition of the core
and locations of the degraded core material. These unique reglons of
degraded core material complete our knowledge of the major fission product
repositories. Table 5 1ists the major TMI-2 fission product repositories.

0f special iInterest are the degraded core regions, since they have
only recently been characterized and contain the majority of fission
products (except for the highly volatile species). The degraded core
material is distributed within the reactor vessel in six major regions as
noted in the Table 6 and shown in Fig. 7.

The second step in estimating a specific isotopic Inventory is to
characterize the material in each repository. This characterization
includes (a) estimating the mass of radioactive material contained within
each repository, (b) acquisition of representative samples from each major
repository, and (c) examination of the materia) to quantify specific
isotopic activity levels (uCi/g). With the exception of the degraded
core regions, this characterization work has nearly been completed.
Samples have been, or will be, acquired from each unique degraded core
region as the core is defueled and examination data are expected within the
next 18 months. For the degraded core zones containing previously molten
core material (molten core, core former zone, and CSA regions), the
specific activities (uCi/g) as measured from the previously molten lower

plenum debris particles are assumed to be appliicable for the inventory
estimates.

Measurements of the radioactivity from the partially Intact fuel rods
are not yet avatlable. However, estimates of the core fission products
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TABLE §.

MAJOR TM]-2 FISSION PRODUCT REPOSITORIES

In-RCS Repositories

Ex-RCS Repositories

_Degraded Core Reglons

Reactor Cooling System

Upper core debris

Previousl¥ molten core
materta

Parttally intact fuel
rods

Previously molten core
material in the core
former zoned

Previously molten core
material in the core

support assembly (CSA)

region

Lower plenum debris

Hot leg piping surfaces
Upper plenum surfaces
Steam generator surfaces
Pressurizer surfaces
Steam generator sediment
Pressurizer sediment

Makeup/purification
demineralizer sediment

Reactor coolant drain tank

RCS coolant

Reactor building water

Reactor building
sediment

Reactor building lower
walls

Reactor bullding upper
surfaces

Reactor bullding air
space

Auxiliary bullding
11quid

Auxiliary building gas
release

a. Core former zone includes that region containing the core former plates

and baffle plates.
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TABLE 6. END-STATE CORE REGION MASSES?

Region

Estimated Mass
kg (uncertainty)

Upper core debris
Previously molten material in the core region
Intact rod stubs

Previously molten core material in the core
former region

Previously molten core material in the core
support assembly

Lower plenum debris

a. The mass of the original core material (including structural

components) 1s approximately 125,000 kg (Ref. 1).

23,700
25,600
47,000

5,000

5,000

15,000

(£1,200)
(+6,600)
(£3,800)

(+2,000)

(+2,000)

(+5,000)
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retained in the partially intact rods can be made using (a) the known
post-accident distribution of partially intact rods, (b) the core power
distribution (measured prior to the accident), and (c) the following
assumptions on the fission product release from the fuel contained in the
partially intact rods:

] 99% (+1%) retention for the medium and low volatility fission
products

. 95% (+5%) retention for the higher volatility fission products.

Detailed descriptions of each of the above repositories and associated
fission product data utilized for the inventory calculations are included
in Appendix A. Appendix B presents calculations to estimate the fraction
of the total core fission products retained in the partially intact rods.
The core inspection data summarized in Ref. 1 provide the basis for
estimating the volumes and associated masses in each of the six unique
degraded core regions shown in Fig. 7. These estimated masses and
uncertainties are summarized in Table 6.

The third step in estimating the fission product inventory is to
combine the data from each major repository to determine an integral
activity for each isotope. The following section summarizes the equations
used to combine the measurements from all repositories. Section 3.2
summarizes the results of the inventory calculations for selected isotopes.

3.1 Method of Estimating the Fission Product Inventory

The activity for any radioisotope, xx, in repository, 1, is denoted by
I:x and is calculated by,

IS B (1)
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A:‘ . The average isotopic activity from the materta) within
the repository (uCi/sample unit), and
l‘ . the total sample units of radloactive material from the

repository. Sample units include: mass (g); volume
(ml); and surface area (cuz).

The fraction of the total core inventory accounted for in each
repository, FRAC?'. can be defined as

X
xx i
FRAC,™ - Tx (2)
Total Core
where
xx
liotal Core ® is the total core inventory as estimated from
the ORIGENZ2 calculations (Ref. 9).
Using Yinear error propagation techniques (Refs. 10 and 11), the
uncerta\ntya In the total isotopic activity, for any given repository,
C:’. is given by,
2 1/2
XX xx 172
o _'_f_i__ 2 aly o2 g2l (Axx)z o2 (3)
1 PN R M, H‘ ! AMX i H‘
1 1 !
where
x ° the estimated uncertainty in the isotopic activity
Al measurement from the Yth repository, and

a. A1) uncertainty values are expressed as 95X confidence estimates.
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Iy = the estimated uncertainty in the ith repository mass
! (sample unit).

Estimating the total TMI-2 isotopic activity, I7", requires
summing individual repository contributions, t.e.,

n
XX _ E XX (4
IT = 11 . )
1=1

In addition, the uncertainty in the total activity estimate, dex. is

T
given by,
n 1/2
2
o = Z (axx) . (5)
L - A

Error propagation theory also allows estimation of the fractional
contribution to the total uncertainty from each repository, F:x. This
parameter is useful for identifying the major contributors to the total
uncertainty, thus indicating where additional data would reduce the
inventory uncertainty. The fractional uncertainty contribution from each
repository is calculated using the following expression,

| 2 - (6)

Finally, the fraction of the total inventory accounted for from all
repositories, FRACT' ., s estimated by taking the ratio of the
total activity from a1l repositories compared to the original core
inventory as calculated by ORIGEN2 (Ref. 9), i.e.,

XX
XX T
FRACTota1 = Txx T (7)
Total Core
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and the assoclated uncertainty In the fraction of the total inventory

accounted for, ¢ x s
FRACtotan

llx
I (8)

g -
b § 4 xix
FRACTotar  totad Core

3.2 Summary of Inventory Calculations

The above equations were used to determine dest-estimate fractional
core inventories and assoclated uncertainties for the following

radlolsotopes:
Low Volatility: Krypton (Kr-85)
Cestum (Cs-137)
lodine (1-129)

Medium Volatility: Antimony (Sb-125)
Strontium (Sr-90)

Low Volatility: Ruthentum (Ru-106)
Cerium {Ce-144)

Europium (Eu-144)

For each isotope, a calculational data sheet s included that
summar zes the following:

1. Inttial total core inventory, l;;tal {uCY).
2. Decay half-1ife.?

3. Total decay factor since the accident.

a. A)) calculated inventory values are decay corrected to July 1, 1987.
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4., Measured sampie specific activity (A’;x in Eq. 1).
Uncertainty in the measured values are shown in parenthesis
adjacent to the nominal va]ues.a

5. Mass (volume/area) of material associated with each repository

sample data (M1 in Eq. 1).

6. Repository 1nJentory, I:x. (uCi) and calculated
uncertainty, o:x, (Eqs. 1 and 3).

7. Fractional core inventory accounted for from each repository,
FRACY", (from Eq. 2).

8. Repository fractional contribution to the uncertainty in total
core inventory, F:x. (from Eq. 6).

9. Reference Table number in Appendix A summarizing the data.

10. Total core inventory from all repositories, I?x, and
associated uncertainty (from Eqs. 4 and 5)

11. Total fractional core inventory accounted for and associated
uncertainty (from Eqs. 7 and 8).

3.2.1 Estimated Noble Gas Inventory (Kr-85)

Table 7 summarizes the Kr-85 inventory estimates. As seen from the
table, the activity in the containment air space accounts for approximately
54% of the original core inventory. Another 31% is estimated to be in the
intact fuel rods.

a. In some cases, uncertainty values for the activity measurements or
estimated masses of degraded core material are not documented. For these
cases, the uncertainty is assumed to be zero. Realistic estimates for
these uncertainties will be evaluated during the fission product data
qualification process and used in the final inventory calculations.
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Measurements have not been made to determine the retained Kr-85
activity levels in the degraded core materials. Examinations are presently
underway to determine these values for the upper debris bed (2 samples),
previously molten core material (2 core bore samples), the lower plenum
debris (2 samples), and the intact fuel rods (2 samples from upper level
rods, 6 samples from lower rod stubs).

3.2.2 Estimated Inventory of High Volatility Fission Products (Cestum and
Iodine)

Table 8 summarizes the calculated inventory estimates for Cs-137. As
seen from the table, the Cs-137 can be accounted for in the degraded core
materials and the reactor basement (concrete walls and liquid). Minor
amounts (<2%) were measured in the RCS water and the makeup and letdown
demineralizer sediment.

Table 9 summarizes the calculated inventory estimates for I-129. The
total iodine inventory estimate is approximately 68%. Several sources of
uncertainty exist and will require additional evaluation. These include
reactor building basement sediment, reactor building basement 1iquid, and
RCS coolant. Data from these repositories will be evaluated further during
the fisston product data qualification process.

3.2.3 Estimated Inventory of the Medium Volatility Fission Products
{(Antimony and Strontium)

Table 10 summarizes the inventory estimates for Sb-125. An estimated
434 of the antimony has been accounted for and most of this is predicted to
be in the intact rods. Thus, additional core material examinations
(including intact rod segments) will be important in improving the
estimated antimony inventory.

Table 11 summarizes the estimated inventory for Sr-90. The estimated

strontium inventory appears to account for the ORIGEN2 calculated total
core activity.
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TABLE 6. FISSION PROSUCY DISTRISUNION AND 1UVIRIORY OF C3.1300
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Activity hllllulku' (suncorlatinly) Core Uncertataty Sata
Arescectatoted 00 (M) [avestory  Centribellen  Iadle
fearaged Core
weer Core Bebe iy .o v IXER X 3.4 100 0.0e8 0.008 A
1.0 2 W Ly (1.2 1 10%) 4 IRER
Maltes Core ZJome 8.1 2.0 5 30! 2.2 2 1010 0.00 0.084 A2
2.0 2 10%) iy (0.0 s ¥08) ¢ (5.6 2 10%)
1atact Sety s g el! 1.3 1 07} 2.2210Y 0.309 0.087 A3
16.3 s W) o1 (2.8 2 10°Y) (2.0 2 10'0)
Core forane Boglen BER A 5.0 1 108 4.2 2108 0.006 0.006 At
12.0 5 10%) Kisg 2.0 1108 ¢ (.73 10%
Core Suppert Avremdly RER 3.0 1 100 6.2 1100 0.008 0.006 A-S
12.0 s W8) sy (2.0 1 108) ¢ TRERL
Lewer Plenum Dedrs RER 1.8 a2 10! 1.3 = 1010 0.01 0.037 A-S
12.0 3 \8) L1y 15.0 x 10%) ¢ (4.2 1 169)
Beacier Coollipg Sritem
ot Leg rerfaces X TR 9.7 s 108 1.8 1 07 0.000 0.000 A7
1.9 5 1071} Lisen? (9.7 5 104) co? (1.8 1 108)
apprr Plesem Swrfoces 6.8z 00! 350108 211108 0.000 0.000 A8
(6.5 s 100 Lr7end 1.1 5 10%) (6.0 s 107
& Serfaces 3.6 2100 3.7 s 10! 1.2 2 108 0.000 0.000 A-9
(.0 5 19-7) Lisead 3.7 s 100) e (1.2 2107
Prossarizer Serlaces €2 v 09? 1.0 ¢ 108 3.9 x 108 0.000 0.000 A-10
13.0 2 10°Y) Lr/en? (1.0 x 10%) 3.9 3 103)
S Sediment 2.6 0 9) 8.0 219 2.1 2 W) 0.000 0.000 A-N
t ) Lirg (5.0 5 10%) ¢ (1.3 5 10")
Presser V2o Sediavet IR ERI L AER 2.4 2 100 0.000 0.000 A-12
{ ) Ki/g { 1 { )
Benta Sedimest 1.4 5 198 9.3 108 1.2 x 1010 0.016 0.000 A-13
{ ) olirg { )se { )
®1 Sediment 9.7 s 18} 2602008 2.3 2108 0.000 0.000 AN
(2.0 « 168) 17y 15.2210%) ¢ (4.7 2 10%)
oS Conlant 3.0 110} 335100 8.7 5 10Y 0.012 0.000 A
(2.0 5 18-y L1/m) ( ) (5.7 5 107)
Sytyier (3
L i 1.0 192 2.4 210 3.0 2 10" 0.420 0.009 A-1?
(V.0 2 169) L1/t ( ) o (2.1 5 10%)
23 Sedramnt 8.1 2 19? 3.8 2 103 2.6 2 108 0.000 0.000 A-18
13.0 « 10%) Lizg { X 19.0 1 10%)
/8 Lover wally 2.0 109 2910 8.3 1 10%0 o.v18 ©.000 [WT)
{ } KV/en? { ) «o? 10.00 » 100)
/8 weer Swrtaces 1.6 0 10! 19,108 1.3 5 108 0.000 0.000 A-20
(9.0 s 10-1) Li/cn? | ) o? (1.4 1108
/8 AV Space 1.2 2 18-¥8 5.6 5 1010 3.4 510! 0.000 0.000 A
(8.6 5 10-11) Cr/ead ( ) «a? (3.8 = 109)
Susst8 (rquie 6.4 20! 9.3 5 108 3.6 #1010 0.0%1 0.018 a2
4.0 1 10-Y) L1/m) (7.0 10) m (2.7 2 10%)
Aws/8 Gos Bolease -
[} 2:'~t:y a“:nun te July 190). 7
iite o cays s .
Socay focter Stace Accident » 0 8294 Tota) Core lnventery 10m00 et
laventery Accounted for 1o July 198) . 1.3 s W"
9 WRere ad unceriatnty 13 shown, 1t 14 enkaews. (22.2 £ 10°7) 00
freaction Accounied for . 1.0%

€ 278 o Boscler Bu)iging. (10.031)
6 Aes/B . Ausiltery Butiding.

e MR . Sel Ressered.




R/8 = Reactor Bullding.

Aux/8 = Auxiltary Budlding.

TABLE 9. FISSION PRODUCT DISTRIBUTION AND INVENTORY OF ]-1292
Assoctated Inventory Fractional fractional
Activity Vol/Mass/Area, {tuncertainty) Core Uncertainty Data
(xuncerta\nq]b {tuncertataty) (pC1) Inventory Contribution  Table
Oegraded Core
- 1 104 0.048 0.005 A
Upper Core Debris 4.4 x 104 2.4 x 10 1.0 x .
} uCi/g (1.2 x 108) g (5.2 x 102)
Molten Core Zone 5.6 x 10-5 2.6 x 107 1.4 x 103 0.007 0.003 A-2
(3.2 x 10-6) yCizg (6.6 x 108) g (3.8 x 102)
Intact Rods 2.1 x 105 3.3 x 107} 6.7 x 10; 0.309 0.695 A-3
(1.1 x 10%) 41 (2.5 x 10-2) (6.2 x 103)
Core former Region 5.6 x 10-3 5.0 x 106 2.8 x 1o§ 0.00) 0.000 A-d
(3.2 x 10-6) uCi/g (2.0 x 108) ¢ (1.1 x 10?)
Core Support Assembly 5.6 x 10-3 5.0 x 106 2.8 x lo; 0.001 0.000 A5
(3.2 x 10-%) yCi/q (2.0 x 108) g (1.7 x 102)
Lower Plenum Debris 5.6 x 10-2 1.5 x 107 8.4 x lo; 0.004 0.00) A-b
(3.2 x 10-8) yCi/g (5.0 x 10%) ¢ (2.8 x 102)
Reactor Cooling System
Hot Leg surfaces NMC
Upper Plenum Surfaces 5.4 x 105 3.5 x 108 1.9 x 102 0.001 0.000 A-8
(3.1 x 10-6) yc1/cm? (7.1 x 105) ca? (4.0 x 10V)
SG Surfaces 2.9 x 10-6 3.7 x 107 1.1 2102 0.000 0.000 A-9
(2.0 x 10-8) uC1/cm? (3.7 x 106) cm? (1.1 x 10V
Pressurizer Surfaces NM
S$G Sediment NM
Pressurizer Sediment NM
Demin Sediment NM
RCOT Sediment 5.2 x 108 2.6 x 104 1.4 x 103 0.000 0.000 AN
(4.0 x 10°%) uCizg (4.2 x 10%) g 2.9 x 1674
RCS Coolant 7.1 x 10-6 3.3 x 108 2.4 x 103 0.0M 0.000 15
(3.0 x 10-7) uCt/m { ) m (10.0 x 10')
Qutside RCS
R/84 Liquid 4.3 x 106 2.4 x 109 1.0 x 104 0.048 0.009 AT
(3.0 x 10-7) uCi/m? { ) ™ (1.2 x 10?)
R/B Sediment 1.1 x 10} 3.8 x 105 4.1 x 104 0.19 0.254 A-18
(1.0 x 10-2) uCi/g { ) g (3.8 x 103)
R/8 Lower Walls NM
R/B Upper Surfaces 5.6 x 10': 1.9 x 108 1.0 x 103 0.005 0.003 A-20
(2.2 x 10-8) yCrsem? { ) em? (4.2 x 10?)
R/B Air Space 5.7 x 10-)) 5.6 x 1010 3.2 x 100 0.000 A-21
(4.0 x 10-12) ,Ci/cmd { ) cm (2.2 x 16-)) 0.000
Aux/8€ Liquid 1.2 x 105 9.5 x 108 1.1 x 0! 0.053 0.029 A-22
(1.0 x 10-8) ,ci/m (1.0 x 0!y m (1.3 x 103)
Aux/B Gas Release 4.3 x 102 1.0 x 100 4.3 x 10-2 0.000 0.000 A-23
)} uCh ( ) { }
A1) decay data corrected to July 1987,
Half Life = 5.8 x 107 days
Decay Factor $ince Accident = 1.0000 Total Core Inventoryd = 2.2 x 105 00
Inventory Accounted for to July 1987 -« $
Where no uncertainty Vs shown, 1t 1s unknown. Y r to July 198 (x;:: : 133) o€
NM « Not Measured. Fraction Accounted for = 0.678
{£0.035)
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Teta) Core lnmlu,‘ .91 o“ okt
Iaveatery Accounted for te July 1987 o600
(1.1 2 10%) o1
fraction Accounted lor 0.42¢
(20.00%)
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TABLE 11. FISSION PRODUCT DISTRIBUTION AND INVENTORY OF Sr-902

Activity b
{tuncertainty)
Degraded Core
Upper Core Debris 5.6 x 103
(1.0 x 102) uCi/g
Molten Core Zone 7.1 x 103
(1.7 x 102) uci/g
Intact Rods 7.5 x 101
(7.5 x 109) uCy
Core Former Region 7.1 x 103
T x 10?) wei/g
Core Support Assembly 7.1 x 103
(1.7 x 102) uCi/q
Lower Plenum Debris 7.1 x 103
(1.7 x 102) uCi/g
Reactor Cooling System
Hot Leg surfaces 9.4 x 100
(2.0 x 10-1) uC1/em?
Upper Plenum Surfaces 2.0 x 101
(2.0 x 10-1) uCi/em?
S6 Surfaces 1.3 x 10-)
(9.0 x 10-3) yC1/cm?
Pressurizer Surfaces 3.6 x 10"
(1.9 x 10-2) uC1/cme
SG Sediment NMC
Pressurizer Sediment NM
Demin Sediment 2.0 x 103
{ ) uCi/g
RCDT Sediment 1.4 x 103
(1.0 x 102) uCi/g
RCS Coolant 2.4 x 10!
(7.0 x 10-1) pCi/m
Outside RCS
R/89 Liquid 5.2 x 100
(3.0 x 10-1) uCt/m
R/B Sediment 8.0 x 102
(2.0 x 102) uCi/g
R/B Lower Walls 6.8 x 10!
( } uCi/em?
R/B Upper Surfaces 1.8 x 10-2
(1.7 x 10-2) yCi/cm?
R/B Alr Space 1.6 x 10-)0
(3.0 x 10-1} yer/emd
Aux/8€ Liquid 4.3 x 10-)
(7.0 x 10-2) yCi/m

Aux/B Gas Release

a. A1l decay data corrected to July 1987.
Hatlf Life - 11030 days
Decay Factor Since Accident = 0.8298
b. Where no uncertainty is shown, V¥t s unknown.
€. NM = Not Measured.
d. R/B . Reactor Building.

e. Aux/B = Auxiliary Bullding.

1
Associated lnventory fractional fractiond
Vol/Mass/Area {tuncertainty) Core Uncerlaic:!n g:;:e
(suncertainty)®  __ (uC1)  laventory  Contributlo
2.4 x 107 1.2 x 101! 0.199 0.01 A1
(1.2 x 10%) ¢ (6.6 x 10%)
2.6 x 107 1.8 x 101! 0.284 0.5268 A-2
(6.6 x 105) g (4.6 x 1019)
3.3 x 10-) 2.0 x 101 0.326 0.062 A3
(2.5 x 10-2) (1.6 x 1010}
5.0 x 106 3.4 x 1010 0.056 0.048 At
(2.0 x 106) g (1.4 x 1010)
5.0 x 106 3.4 x 1010 0.056 0.048 A-S
(2.0 x 108) g (1.4 x 1010)
1.5 x 10! .0 x 101} 0.167 0.302 A-6
(5.0 x 108) g (3.4 x 1010
9.7 x 105 8.5 x 106 0.000 0.000 A-?
(9.7 x 104) cm? (8.6 x 105)
3.5 x 106 6.5 x 107 0.000 0.000 A-8
(1.1 x 10%) cm? (1.3 x 167)
3.7 x 107 4.3 x 106 0.000 0.000 A-9
(3.7 x 108) cm? (5.3 x 105)
1.0 x 106 3.3 x 10% 0.000 0.000 A-10
(1.0 x 105) cm? (3.8 x 104)
9.3 x 105 1.7 x 109 0.003 0.000 A-13
{ }g ( }
2.6 x 104 3.4 x 108 0.001 0.000 AN
(5.2 x 103) g {6.9 x 107)
3.3 x 108 6.7 x 10% 0.0M 0.000 A-15
( )y m (2.0 x 108)
2.4 x 109 1.1 x 1010 0.017 0.000 A-V?
( ) m (6.2 x 108) .
3.8 x 105 2.6 x 108 0.000 0.000 A-18
{ Y (6.5 x 107}
2.9 x 107 1.9 x 109 0.003 0.000 A9
{ ) emd { )
1.9 x 108 3.2 x 106 0.000 0.000 A-20
{ ) em? (3.0 x 108)
5.6 x 1010 7.6 x 100 0.000 0.000 A-21
( ) cmd (1.4 x 109)
9.5 x 108 3.5 x 108 0.00) 0.000 A-22
(7.0 x 107) m (6.3 x 107)
3 n
Total Core Jnventory = 6.2 x 10" yCt
Inventory Accounted for to July 1987 . 6.9 x |o:;
. (6.3 x 10'Y) wuCh
fraction Accounted for . 1.122
(£0.101)
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3.2.4 fEstimated Inventory of Low Volatilitty Fission Products (Ruthenium,
Cerlum, and furopium)

Table 12 summarizes the estimated inventory for Ru-106. Since
slightly less than half of the estimated core inventory is accounted for
(most of this s assoclated with the intact rods), additional degraded core

material examination data will be necessary to improve the ruthenium
inventory estimate.

Table 13 summarizes the estimated Ce-144 inventory. The ORIGEN?
inventory s within the measured 1imits shown in Table 13. The uncertainty
in the measured total core inventory is relatively high due largely to
uncertainties assoclated with the upper core and lower plenum debris data.

Table 14 summarizes the estimated Eu-154 inventory. The estimated

total core activity appears to be within approximately 10X of the ORIGEN2
total core value.
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TABLE 12. FISSION PRODUCT ODISTRIBUTION AND INVENTORY OF Ru-1062

Activity b
{tuncertainty)
Degraded Core
Upper Core Debris 5.5 x 102
(5.0 x 109) yCisg .
Molten Core Zone 1.5 x 10
(1.1 x 100) uci/g
Intact Rods 3.6 x 102
{3.6 x 101%) ye
Core Former Region 1.5 x 10
(1.1 x 100) wc1/g
Core Support Assembly 1.5 x 10}
(1.7 x 100) uCi/g
Lower Plenum Debris 1.5 x 10
(1.1 x 109) uCi/q
Reactor Cooling System
Hot Leg surfaces NMC
Upper Plenum Surfaces 3.1 x 100
(7.0 x 10-2) yCi/cm?
SG Surfaces 3.4 x 10-2
(1.0 x 10-4) uCi/cm?
Pressurizer Surfaces NM
SG Sediment NM
Pressurizer Sediment 4.5 x 100
{ ) uCi/g
Demin Sediment NM
RCOT Sediment 6.1 x 10!
{3.0 x 100) uCi/g
RCS Coolant NM
Qutside RCS
R/8% L1quid ]
R/B Sediment 1.0 x 102
(7.0 x 100) uCi/g
R/B Lower Walls NM
R/8 Upper Surfaces NM
R/8 Air Space 9.0 x 10-1)
{0.00 x 100) wCi/cmd
Aux/B® Liquid NN
Aux/B Gas Release NM

3. A1) decay data corrected to July 1987,
Half Life » 366 days
Decay Factor Since Accident = 0.0036

b. Where no uncertainty is shown, it is unknown.

€. NM - Not Measured.
d. R/B = Reactor Building.

e. Aux/B = Auxiliary Bullding.

Assoclated Inventory fractional Fractional
Vol/:ass/Area (1un:erta1nly)b Core Uncertainty Data
_{tuncertainty)’  ____(uC}}  lnventory Contribution  lable
2.4 x 107 1.4 x 102 0.110 0.041 Al

(1.2 x106) g (1.2 x 107}
2.6 x 107 1.6 x 108 0.012 0.014 A-2
(6.6 x 108) g (4.3 x 10T) ,
3.3 x 10-} 4.4 x 109 0.344 0.934 A-3
(2.5 x 10-2) (3.5 x 108) >
5.0 x 106 3.1 x 107 0.002 0.001 A-4
(2.0 x 108) ¢ (1.3 x 107)
5.0 x 106 3.1 x 107 0.002 0.00) A-S
(2.0 x 108) g (1.3 x 101y
1.5 x 107 9.3 x 107 0.007 0.008 A-b
(5.0 x 108) g (3.2 x 107)
3.5 x 106 1.0 x 106 0.000 0.000 A-8
(7.1 x 105) cm? (2.0 x 105)
3.7 x 107 1.3 x 105 0.000 0.000 A-9
(3.7 x 108) cm? (1.3 x 104)
6.6 x 10 1.1 x 108 0.000 0.000 A-12
( }g { )
2.6 x 104 1.7 x 105 0.000 0.000 A4
(5.2 x 103) g (3.6 x 104)
3.8 x 10° 5.8 x 10% 0.000 0.000 A-18
{ ) g (3.9 x 104)
5.6 x 1010 3 3.6 x 10-2 0.000 0.000 A-2)
{ ) cm { )
Total Core lnven!orya - 1.3 x lo‘° v}
Inventory Accounted for to July 1987 . 6.2 x 103
(£3.6 x 10°) O
Fraction Accounted for - 0.478
(£0.028)
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VABLL 13, FISSION PROUCT BISTRISUTION AND INVINTOAY OF Ce-V4ed

Atsoc toted l-mtwl » fraciional fractionsd
Activity » mmmuu. {2encertainty) Core Uncertatnty Data
Jsmmcectainty)”
Deeraged Core
eper Core Bebels 21 2.4 107 1.7 x 10t 0.222 0.02% A1
1.0 1 101) sy 1.2 2108 ¢ (2.1 2 108)
felten Core Pome 'RER! 2.6 4 W7 3.6 2100 0.21% 0.488 A-2
(1.0 » 109) WLisg (o108 ¢ 9.3 « 108)
Iatact Begs 2.4 2 0 1.3 x 107} 5.9 x 100 0.350 e. 7 A-3
(2.4 2 W'Yy 2.5 5 19-3) (4.0 x 1¢%)
Core Foraer Reglon 229 $.02 108 1.1 2 108 0.042 0.045 A4
(1.0 5 10%) Lizg (2.0 s 0% ¢ (2.8 » 08
Core Suppert Arsemdly , 4.2 2 102 3.0 = 108 7.1 1108 0.042 0.045 A-$
1.0 2 100} iy (2.0 2 108) ¢ (2.8 » 1)
Louse Plonum Bebr Vs 202 1.% 2307 2.1 x00Y 0126 9.200 A6
(r.0 1 W) Lisg 15.0510%) ¢ {71 2 108)
Secter Cogling Syitem
uot Leg surfaces 2.6 s 207! 9.7 x 108 1.2 2104 ©.000 0.000 A-?
198 2 183) oLisen? 19.7 2 10%) o? (1.2 2 10%)
Wpper Plosun Serfaces 1.0 2 100 3.9 2 100 1.2 5 108 0.000 0.000 A8
(6.8 2 10°Y) Ci/ea? (2.1 5 10%) cn? (2.6 2 10%)
& Serfeces [ 3
Presserizer Serfeces -m
6 Sedimmat 2.6 : V0! 8.0 2103 1.1 s 108 0.000 0.000 A-1
t } of£V/y 156109 ¢ 6.7 x 10%)
Pressurizer Sediment 8.3 108 6.5 2 304 1.5 x 108 0.000 0.000 A-12
{ ) Lty { | N ] ( )
Sunia Sedlasnt -m
AT Sedimwnt -
23 Conlant €9 1 102 3.3z w08 3.7 s 08 0.000 0.000 A-18
{ ey { )& { }
Outsige BCS
e Liguire L
/3 Sedrment 6.6 10! 3.8 5 108 1.1 2308 0.000 0.000 A-V8
(3.0 s 0% /g ( ) e (5.0 = 109)
878 Lower Walls [ ]
R/8 wpper Serfaces -m
/8 Adr Space 8.8z 10-1 5.6 s 1010 1.7 5 10-3 0.000 0.000 A
[ ) skizemd t ) { }
Aan/0® 1 igeid -
Aus/B Gas Belease L} »
. A.i:'cﬁ:y azl:‘czrul« s July 198). )
e - } Ad ]
Bocsy Facier Stace Accident o 0.0000 Total Core laventory Taie e
lnventery Acgownted for te July 1987 1.7x
9. WRere 80 encertsinty Vs shown, 1L 11 unkaews. (21,3 = 107) oL
€. o Net Messerod Fraction Accounled for ug::;;,

/78 . Resctor Butiding.
Aus/B . Aueiltary Butlding.
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TABLE 14. FISSION PRODUCT DISTRIBUTION AND INVENTORY OF Eu-1543

1
Assoclated Inventory Fractional Fractiona
Activity Vol/Mass/Area (tuncertalnly)b Core uncarta!::y ?at:
{tuncertainty})® {tuncertalinty) {uC1) Inventory  Contributlon  Table
Degraded Core
Upper Core Debris 4.4 x 10! 2.4 x 107 7.9 x 109 0.164 0.016 A-1
(6.0 x 10-1) wCi/g (1.2 x 108) g (4.1 x 107)
Molten Core Zone 3.8 x 10 2.6 x 107 8.7 x ‘og 0.180 0.473 A-2
(3.0 x 10-1) uCisg (6.6 x 106) g (2.2 x 108)
Intact Rods 9.6 x 109 3.3 x 10-) 1.6 x 10: 0.327 0.143 A-3
(9.6 x 107) we (2.5 x 10-2) {1.2 x 109)
Core Former Reglon 3.8 x 10} 5.0 x 108 1.7 x wg 0.035 0.044 A-a
(3.0 x 10-7) uCi/g (2.0 x 108) ¢ (6.8 x 107)
Core Support Assembly 3.8 x 10 5.0 x 106 1.7 x mg 0.035 0.044 A-5
(3.0 x 10-7) uCizg {2.0 x 108) ¢ (6.8 x 107}
Lower Plenum Debris 3.8 x 10 1.5 x 107 5.1 x wg 0.106 0.275 A-b
(3.0 x 10-1) uCisg (5.0 x 108) g (1.7 x 108)
Reactor Cooling System
Hot Leg surfaces NMC
Upper Plenum Surfaces 7.1 x 10-3 3.5 x 106 1.9 x 104 0.000 0.000 A8
(3.6 x 10-4) yCi/cm? (7.1 x 10%) cm? (3.9 x 103)
SG Surfaces NM
Pressurizer Surfaces NM
SG Sediment NM
Pressurizer Sediment NM
Demin Sediment NM
RCOT Sediment NM
RCS Coolant NM
Qutside RCS
/89 Liquid NM
R/B Sediment NM
R/8 Lower Walls NM
R/B Upper Surfaces NM
R/B Alr Space 2.0 x 10-1 5.6 x 1010 6.1 x 107! 0.000 ©.000 A2
{ ) wCi/cmd { ) cm3 { )
Aux/B€ Liquid NM
Aux/B Gas Release NM
a. All decay data corrected to July 1987.
Half Life = 2993 days a 9
Decay Factor Since Accident « 0.5027 Total Core Inventory « 48 109 ulh
Inventory Accounted for to July 1987 . 4.1 x \o8
b. Where no uncertainty ts shown, Yt ts unknown. (£3.2 x 107) uCt
fractton Accounted for - 0.847
c. NM = Not Measured. 1£0.067)

d. R/B = Reactor Building.
e. Aux/B = Auxiliary Building.
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4. SUMMARY AND RECOMMENDATIONS

TNI-2 defueling work has allowed Vdentification of the major fission
product repositortes. These repositortes have been visually inspected to
adllow estimates to be made of the amount of degraded core material within
edch. Samples from most repositories have been acquired for characterizing
the retained fisston products. The currently avallable data have been
compiled for selected isotopes representing the noble gases and the high-,
medium-, and low-volatility fisstion products. Calculations are presented
summarizing the total core activity and assoclated uncertainty (for
selected radiolsotopes) from all major repositories.

The work presented is based on four important assumptions that limit the
adccuracy of the results. These iInclude:

V. The specific activity (uCi/g) of the degraded core material in
the molten core zone, CFA region, CSA region, and lower plenum
region are based on the measured activities of a few lower plenum
debris samples.

2. The total core inventory s assumed to be equal to the ORIGEN2
calculated values. No error has yet been assoclated with the
validity of these values. Measurements on intact fuel from known
locations will allow the uncertainty In the ORIGEN2 calculated
total core inventory to be estimated.

3. 1t has been assumed that the 1imited samples from each zone are
typical and fully representative of all materlal in that zone.
Additional analysis wil) be required to estimate the variability
In the measured degraded core zone activittes as the data become
avallable.

4. Fisston product retention in the Intact rods was assumed to be
99% (21) and 95% (15) for the low-to-medium and high
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volatility fisston products, respectively. Measured retention
data from the intact rods will provide the necessary data to
confirm these assumed values.

Table 15 summarizes, for selected isotopes, the fraction of the total
core activity estimated from all major repositories. The results indicates
the noble gas inventory to be accounted for to within about 10-20% of the
initial (ORIGEN?) inventory. However, there appears to be a wide range in
accountability for all other fission product groupings, 1.e. high-,
medium-, and low-volatility groups.

For the highly volatile fission products, cesium appears to be
accounted for to within 10%; however, significant Yodine (up to 35%) has
yet to be accounted for. Additional data evaluation of the early reactor
coolant samples will be evaluated to provide an independent check on the
fodine inventory transferred to the RCS coolant and provide better
agreement between the noble gas and iodine inventories.

Considering the medium-volatile fission products, the fraction of the
core inventory of antimony measured to date is less than 50%, while the
estimated fractional inventory of strontium appears to agree with the
ORIGEN2 total core value.

For the low-volatile fission products, the Ruthenium inventory appears
to be low (less than 50%) while the inventory for cerium and europium
appear to be within approximately 10% of the ORIGEN2 values.

Since limited activity data is currently available from most degraded core
material zones, the estimated inventory values summarized above should be
viewed as preliminary and are expected to change somewhat as more core
material examination data becomes available. The following recommendations
are presented to improve the data and allow evaluation of the above
assumptions.
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* TABLE 15. SUMMARY OF FISSION PRODUCT INVENTORY CALCULATIONS
{July 1987)

Previous Estimate?
Eisston Product Current Estimate (Ref. 4)
High Volatility
Kr-85 86X  (£4X) 41%
Cs- 137 104%  (£3%) 50-73%
1-129 68X  (13%)

Nedium Volatility

$b-125 43X ($3%) 8-40%

$r-90 N2X  (£10%) 15-63%
Low Volatility

Ru-106 8%  (£3%) b

Ce-144 100%  ($6%) 26-130%

Eu-154 85%  ($7%) --b

3. Llower estimate based on limited measured data for only the upper core
debris. Upper estimate based on assumption of all core matertal activity
equal to the measured upper plenum debris activity concentration.

b. Not estimated.
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1. Examination Data. Additional data are necessary to characterize

all regions of the degraded core materials. These include:

a. Lower Plenum Debris. Grab samples are required of the lower

plenum loose debris at all five core inspection locations
and at three axial elevations within the original
post-accident debris. Samples of the consolidated

(1ava-1ike) material are also necessary since there appears
to be a significant region of consolidated debris. Samples
of all unique debris configurations are also necessary,
including the possible nonfuel material adjacent to the
reactor vessel. To meet these requirements, removal of the
lower plenum debris material must be done carefully.

b. Core Former Wall Debris. Selected samples are necessary to

evaluate the composition and retained fission products from
material within the CFA region. Since the mass s estimated
to be relatively small compared to other fuel-containing
regions, a limited number of samples (5) will provide the
data to evaluate variability in the measured activity values
vs. location of the material within the region. Also,
visual inspection to confirm any significant varlation in
the CFA debris characteristics (particle size, texture,
etc.) and the extent of the CFA volume containing debris
material will be necessary.

c. Core Support Assembly. Selected samples are necessary to
evaluate the composition and retained fission products vs.
location for the CSA matertal. Also, visual
characterization of the volume of fuel in the CSA is
necessary. Because the volume of CSA material is known to
be small, only a few (5) samples will be necessary to
evaluate sample variability.

2. ORIGEN2 Verification Examinations. The sample examinations on
intact fuel pellets from known core locations will provide data
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to assess the uncertainty in the ORIGEN? calculated core
activities. As noted above, no uncertainty s assumed for the
ORIGEN2 total core activity; however, the uncertainty in these
values may be as high as 20-30X for certain isotopes. The
overestimation of the measured fractional core inventory for
Sr-90 may be due in part to naccurate ORJGEN2 values for the
total core nventory.

3. Data Qualification. Data qualification wil) be required to
verify a1l data used in the Inventory analysis. This includes an
extensive evaluation of the Appendix A data Included in this
report.

The measured fisston product data Vs extensive as evidenced by
Tables 7-14. The data used In these tables have been condensed from many
data sources. An mportant end-product of the TM]I-2 Accident Evaluation
Program 1s to organize the data necessary to complete the inventory
estimates 1n a fisston product data base. The fission product data base
should have the following capabilities.

1. Documentation of the data analysis assumptions used to \nterprel
the data and data references for each TMI-2 repository In a
manner similar to that documented in Appendix A.

2. The qualified data should be Yinked iInteractively to an algorithm
to provide summary inventory results similar to the tables
presented in Section 3 on all measured fission product isotopes.

3. A} repository summary data entered into the fission product data

base will require best-estimate values and uncertainty bounds to
represent the varilability in the avallable data.
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APPENDIX A
SUMMARY OF RADIOLOGICAL CONCENTRATION MEASUREMENTS
AND ASSOCIATED CORE MATERIAL FOR
THE MAJOR TMI-2 FISSION PRODUCT REPOSITORIES
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APPENDIX A
SUMMARY OF RADIOLOGICAL CONCENTRATION MEASUREMENTS
AND ASSOCIATED CORE MATERIAL FOR
THE MAJOR TMI-2 FISSION PRODUCT REPOSITORIES

This Appendix provides the summary data necessary to estimate the
overall fisston product retention for each of the following reglons:

() Degraded core regions

° Reactor cooling system (RCS)

) Ex-RCS reglons.

A short description s glven for each repository, together with a
summary of the data, data references, and major assumptions used in
reducing and/or combining the avatlable data for the inventory calculations
presented in Section 3.

1. DEGRADED CORE REGION

The configuration of the degraded core has been reasonably
characterized from recent defueling data. Figure A-1 summarizes the
end-state configuration of the core matertals and shows the following
unique regions containing significant quantities of fuel material:

° Upper core debris (original core zone),
° Previously moliten core matertal (original core zone),
® Intact rods (original core region),

° Previously molten debris within the core former and baffle plate

regton, and

° Lower plenum debris.
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The fisstlon product measurements and assoclated core mass for each of
these reglons are discussed 'n the following subsections.

1.1 Upper Core Debris

A dedris bed, ranging from 0.6 to 1.0 m in depth, was supported by a
sol1d crust located at about the core axilal mid-plane. The debris bed
mater1al was sampled at 11 locations; the debris particles were then
examined \n the laboratory. Most of the particles examined contained smal)
amounts of previously molten U-2r-0 or U/0, ‘ndicating localized peak
temperatures of the previously molten materia) were in the range of
2800-3100 K. However, based on the appearance of most of the debris, 1t is
estimated that the average bulk debris temperature remained below about
2200 X. Detalls of the examination results are reported in Ref. A-1.

The contour of the debris upper surface was determined using acoustic
topography and s known to within a few percent. The debris material was
extensively probed to determine the depth to the hard supporting surface.
The location of this surface s known accurately to within 1 to 2 inches.
Using these data, the volume of the upper debris bed is estimated to be
6.1 .3. Using the measured bulk debris density of 4.48 g/cm3
{Ref. A-1), the upper debris bed mass s estimated to be approximately
30,000 kg. Assuming the uncertainty in the estimated volume to be 5% and
the uncertainty in bulk density to be £1.0 g/cn3 (from the measured
data), the uncertainty in the upper debris mass is 6700 kg, or about 22X.

GPU Nuclear defueling records estimate the upper core debris mass
removed to be 23,799 kg (Ref. A-2). The measured defueling mass Is
estimated to be within 5%. Since the defueling data s thought to be more
precise than estimates based on the measured volume and density, the
defueling data will be used for the inventory calculation.

The first six upper core debris samples were obtained during September
and October, 1983. Five additiona) samples were acquired in March 1984.



The locations of the eleven samples in the TMI-2 core are shown in
Fig. A-2. The eleven samples were shipped to INEL. Ten samples were
tetained at INEL and one sample was shipped to B&W for examination. Six
additional upper core debris samples were taken on April 12, 1986.

Average radionuclide concentrations of the combined upper core debris
bulk samples are 1isted in Tables 21 and 22 of Ref. A-1. Table A-1 shows
the results of sample weighted radionuclide concentrations obtained from
these tables and the estimated end-state mass of the upper core debris
{(from Ref. A-3).

1.2 Previously Molten Core Material

The molten core zone is a crucible-shaped region with a maximum depth
of approximately 1.2 m near the center, decreasing to 15-30 cm near the
periphery of the molten zone. Two regions containing previously molten
material were observed,

1. a reglon of previously moiten material surrounding damaged but
intact fuel pellets near the periphery of the molten core zone,
and

2. aregion of uniformly molten material in the central regions of
the molten zone; no evidence of intact fuel pellets or rod
structures were observed in this region.

Samples from each of these regions are being examined in the
laboratory to characterize composition and isotopic levels. Final data are
expected by the end of calendar year 1987.

The lower interface between the molten core zone and the lower intact
rod stubs has been estimated by contour mapping from the core bore

Inspection data. The best-estimate volume of the molten core region based
on the core bore inspection data 1s 3.65 + 0.91 mS (129 + 32 FtJ)

(Ref. A-4). The mass of the previously molten core region is estimated to
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TABLE A-1. MEASURED ISOTOPIC CONCENTRATION AND ASSOCIATED MASS FOR THE
UPPER CORE DEBRIS

DATA CORRECTED TO: 04/84
V0L ,MASS ,AREA = 2,370D0407 g
UNCERTAINTY IN VOL,MASS,AREA = 1.190D+06 g
1S0TOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 - 5.4000+03 uCi/g 1.0000+02 uCi/g
RU-104 5.4800+02 uCi/g 5.000D+00 uCi/g
§B-125 1.040D402 uCi/g 1.000D0400 uCi/g
1-12% 4.3800-04 uCi/g 0.000D+00 uCi/g
C5-134 4.5400+01 uCi/g 4.0000-01 uCi/g
C5-137 1.5500403 uCi/q 1.000D0+01 uCi/g
CE-144 2.7400+03 uCi/g 7.0000+01 uCi/g
EU-154 4.3500+01 uCi/g 6.000D-01 uCi/g
EU-15S 8.9900+01 uCi/g 9.400D+00 uCi/g




be 25,600 ¢ 6,600 kg by assuming the molten material has the same density
as the lower plenum dedris particle density (7.0 ¢+ 0.5 g/cms).

For the preliminary inventory calculations included in the report, the
Ysotopic concentration measurements are assumed to be identical to the
measurements from the lower plenum debris bed particles (Ref. A-5) and are
summarized n Table A-2.

1.3 Partially Intact Fuel Rods

Standing fuel rods and fuel rod stubs extend from the bottom of the
core up to the molten core region. At some places at the core periphery,
Intact rods extend for the full length of the fuel assembly. Recent EG&G
Idaho analysis has determined the volume of intact rods (before defueling
started) to be 12.74 £ 0.91 m> (450 + 32 ft3) (Ref. A-4). This
volume represents 38 t 3X of the original core volume, or
47,000 ¢t 3800 kg of core material.

Examination data from the intact rods 'n the lower core regions are
not presently avatlable. For fission product inventory calculations, 1t s
dssumed that the fractional inventory of fisston products n the intact
rods s the same as the fractional power generated within the rods.
Appendix B summarizes the necessary data and calculations, showing the
fraction of total core inventory (ORIGEN2 value--Ref. A-6) contatned in the
intact rod regions 1s 0.32 £ 0.025. Table A-3 summarizes the specific
activity data used in the inventory calculations of Section 3 based on the
following assumptions:

1. Five percent of the noble gases and highly volatile fisston
products (I, Cs, Te) were released. The uncertainty in the
activity values are assumed to be 15X.

2. Releases of the medium- and low-volatility fission products are
assumed to be 1% with the uncertainty £1X.



TABLE A-2. ESTIMATED ISOTOPIC CONCENTRATION AND ASSOCIATED MASS FOR MOLTEN

CORE ZONE
DATA CORRECTED TO: 04/86
VOL ,MASS ,AREA = 2.560D+07 g
UNCERTAINTY IN VOL,MASS,AREA = 6.600D+06 g
1SOTOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 7.0700+03 uCi/g 1.700D+02 uCi/g
RU-106 1.460D+01 uCi/g 1.100D+00 uCi/g
56-125 7.950D400 uCi/g 1.300D0+00 uCi/g
1-129 5.400D-05 uCi/g 3.2000-06 uCi/g
CS-134 2.480D+01 uCi/g 6.000D0-01 uCi/g
CS-137 §.7200+02 uCi/g 2.0000+00 uCi/g
CE-144 4.230D402 uCi/g 1.000D+00 uCi/g
EU-154 3.750D+01 uCi/g 3.0000-01 uCi/g
EU-155 0.000D+00 uCi/g 0.000D+00 uCi/g




TABLE A-3. ESTINATED FISSION PRODBUCT INVENTORY IN INTACT RODS

Estimated

Inventory Ig Uncertainty in
1sotope Intact Rods Estimated Inventory
SR-90 2.4400¢11 uCi 7.440D409 oCi
RU-104 3.580D+12 uCi 3.3800+10 uCi
$8-12% 1.2200+1t oCi 1.2200409 uCi
1-129 2.0340+03 uCi 1.080D+04 uCi
CS-134 1.8910+41 uCi 9.9300409 uCi
cs-132 8.1130+11 uCi 4.270D+10 uCi
CE-144 2.3600413 uCi 2.3400+11 uCi
EU-154 9.3300+09 uCi 9.3300+407 uCi
EU-15S 3.240D+10 uCi 3.240D0+08 uCi
KR-83 9.2060+190 uCi 4.8300409 oCi

a. See Appendix B for assumptions and data for calculating inventory.
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1.4 Previously Molten Core Material in the Core Former Zone

Recent defueling data has confirmed the existence of significant
amounts of previously molten core debris in the core former/baffle plate
regions at the periphery of the core. Reference A-7 suggests that an upper
bound estimate of core debris in the core former region 1s 6200 kg
{13,600 1b). However, based on uncertainties in the debris density and the
assumption that the region is filled below the upper surface of the debris,
a best-estimate mass of degraded core material for this region 1s assumed
to be 5000 + 2000 kg.

No CFA samples have yet been received and examined; however, based on
the best-estimate accident scenario (Ref. A-8), the previously molten
material 1s thought to be part of the major core material relocation at
224 minutes. Thus, the composition and fission products are expected to be
similar to that of the lower plenum debris.

For the inventory calculations presented in this report, the isotopic
concentrations are assumed to be identical to the lower plenum debris
measurements (Ref. A.5). These values, together with the estimated mass of
core material in the CFA, are presented in Table A-4.

1.5 Previously Molten Core Material in the
Core Support Assembly (CSA) Region

The fuel debris in the CSA reglion (see Fig. A-1) 1s at present not
well quantified. During the core bore inspection of the CSA region,
previously molten material was observed only in the east quadrant of the
vessel and in these regions only 1imited quantities were observable. In
addition, video inspection of the lower plenum regions has shown previously
molten, lava-like material to rest on the upper surfaces of the elliptical
flow distributor plate. Based on the 1imited inspection data, the mass of
the previously molten core material in the CSA reglon is estimated to be
5000 + 2000 kg. As defueling progresses, additional CSA Inspection data



TABLE A-4. ESTIMATED ISOTOPIC CONCENTRATION AND ASSOCIATED MASS FOR DEBRIS
IN THE CORE FORMER REGION

DATA CORRECTED TO: 04/8¢4

VOL ,MASS ,AREA = 5.0000+06 ¢
UNCERTAINTY IN VOL ,MASS ,AREA = 2.000D+06 g

1SOTOPE CONCENTRAT I ON UNCERT. IN CONCENTRATION
SR-90 7.0700+03 uCi/g 1.7000+02 uCi/g
RU-104 1.4600+01 uCi/g 1.1000400 uCi/g
$8-12% 7.9500+00 uCi/g 1.3000+00 uCi/g
1-129 5.4000-05 uCi/g 3.2000-06 uCi/g
CS-134 2.680D+01 uCi/g 6.0000-01 uCi/g
cs-137 8.7200+02 uCi/g 2.0000+400 uCi/g
CE-144 4.2300+02 uCi/g 1.0000+00 uCi/g
EU-154 3.7500+01 uCi/g 3.0000-01 uCi/g
EU-139 0.0000+00 uCi/g 0.0000400 uCi/g
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will allow more accurate characterization of the material within these
regions. At present, no examination data exists from core material in the

CSA regions.

No CSA samples have yet been received and examined; however, based on
the best-estimate accident scenario (Ref. A-8), the previously molten
material is thought to be part of the major core material relocation at
224 min. Thus, the composition and fission products are expected to be
similar to that of the lower plenum debris.

For the inventory calculations presented in this report, the isotopic
concentrations are assumed to be identical to the lower plenum debris
measurements (Ref. A.5). These values, together with the estimated mass of
core material in the CSA, are presented in Table A-5.

1.6 Lower Plenum Debris

The original post-accident lower plenum debris has been characterized
via five separate video inspections. Note that since the original
inspections, an estimated five tons of fine debris has relocated to the
lower plenum region as a result of drilling through the upper core
material. The debris bed configuration, based on these data, s summarized
in Ref. A-9.

The lower plenum debris material consists of a wide range of material
shapes, sizes, and textures. 1In the plenum north quadrant region, the
debris has the appearance of a large, lava-like c1iff which abuts the
outermost row of instrument guide tubes, while the region in front of the
rubble c1iff has almost no debris. The cliff appears to be solid, with a
smooth surface interlaced with cracks and some large chunks which appear to
be loose. The rubble near the west quadrant has a large number of 2- to
3-cm diam. irregular-shaped pieces interspersed with much finer material.
The material in the east quadrant appears to have the largest particles,
some having diameters (although frregular 1n shape) ranging from 7 to
20 cm. The larger pieces appear to be porous, with small cracks and smooth
surfaces. In the south quadrant, the debris bed looks more uniform and
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TABLE A-S. ESTIMATED ACTIVITY AND ASSOCIATED MASS FOR CSA DEBRIS

DATA CORRECTED TO: 04/8¢4

VOL ,MASS ,AREA = 5.0000+06 ¢
UNCERTAINTY IN VOL ,MASS ,AREA = 2.0000+06 ¢

1SOTOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 7.0700+03 uCi/g 1.700D+02 uCi/g
RU-104 1.4600401 uCi/g 1.1000+00 uCisg
$B-125 7.9500+00 uCi/g 1.3000+00 uCi/g
1-129 $.6000-05 uCi/g 3.2000-06 uCi/g
CS-134 2.6800401 uCi/g 6.0000-01 uCi/g
CS-137 8.7200402 uCi/9 2.0000+00 uCi/g
CE-144 4.2300+402 uCi/g 1.0000+00 uCi/g
EU-154 3.7500+01 uCi/g 3.0000-01 uCi/g
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appears to be a transition region between the larger pieces in the east
quadrant and the smalier debris towards the center. The debris in this
region was easily dislodged by the camera and 1ights. The debris bed at
the core bore inspection locations, towards the center of the vessel, was
uniform and smooth with only a few larger pieces in the range of 1 to

2.5 cm,

The volume and mass of the material in the lower plenum has been
estimated at 15,000 + 5,000 kg (before drilling of the upper core
region). Sixteen debris samples were obtained from regions in the south
and west quadrants of the vessel. These samples were examined in the
laboratory for activity and material composition and the results are
contained in Ref. A-5. More samples will be retrieved and examined,
including large bulk samples of the fine debris, pieces of the consolidated
lava-1ike material, and material adjacent to the vessel walls. In
addition, more inspection data will be obtained characterizing the debris
distribution as defueling progresses. Thus, the data presented here should
be viewed as preliminary with fairly large uncertainties relative to
typicality of the overall lower plenum debris material.

Sample examination results are 1isted in Table F.1 to Table F.9 of
Ref. A-5. Table A-6 summarizes the fission product concentrations and
associated mass for the lower plenum debris used for the inventory
calculations of Section 3. The concentration data were obtained by
averaging the data from Table F.1 to Table F.9 of Ref. A-5.



TABLE A-6. MEASURED ISOTOPIC CONCENTRATION AND ASSOCIATED MASS FOR LOWER
PLENUN DEBRIS

DRTA CORRECTED TO: 04/86

VOL ,MASS ,AREA = 1.5000407 ¢
UNCERTAINTY IN VOL ,MASS ,AREA = 5.0000+4046 g

1SCTOPE CONCENTRAT 10N UNCERT, IN CONCENTRATION
R-9C ?7.0700+03 uCi/g 1.7000+02 uCi/g
RU-106 1.4630401 uCi/g 1.1000+00 uCi/g
$8-125 7.9500400 uCi/g 1.3000+00 uCi/g
1-129 5.4000-05 uCi/g 3.2000-08 uCi/g
CS-134 2.6800+01 uCi/g 6.0000-01 uCi/g
c8-137 8.7200¢02 uCi/g 2.0000400 uCi/g
CE-144 4.2300+02 uCi/g 1.0000400 uCi/g
EU-154 3.2500+01 uCi/g 3.0000-01 uCi/g
EU-155 0.0000+00 uCi/g 0.0000+400 uCi/g
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2. REACTOR COOLING SYSTEM

Inspection and examination data are available to estimate the fission
product retention for the following regions of the primary cooling system
or major RCS flow paths to the containment bullding:

] Hot leg piping surface,

) Upper plenum surfaces,

] Steam generator surfaces,

° Pressurizer surfaces,

° Steam generator sediment,

. Pressurizer sediment,

] Makeup and purification demineralizer sediment,

) Reactor coolant drain tank sediment, and

° RCS water.

The data relative to each of these sources are discussed in the
following subsections.

2.1 Hot Leg Piping Surfaces

A dual-element resistance thermal detector (RTD) was removed from the
A-loop hot leg (see Fig. A-3 for location). The RTD tip configuration
relative to the hot leg wall is shown in Fig. A-4. The RTD was examined in
the laboratory and the results are currently being documented. The
measured surface radioactivity assumed for the inventory calculations in
Section 3 was taken from Table 6 of Ref. A-10. The total measured surface
concentration is obtained by summing up the quantities of each radionuclide
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removed during the Individual decontamination steps and dividing them by
the tip surface area (15.6 cnz). These data are shown in Table A-7. The
estimated surface area of the hot legs assumed to be assoclated with the
RTD data are also summarized 'n lable A-7 and were taken from Ref. A-11.

No surface samples from the B-loop hot leg surface have been
acquired. However, 1t should be noted that the activity measurements
external to the RCS (based on gamma measurements of the steam generator
manwdy cover) indicate that the B-loop surfaces are several times more
radioactive than locations on the A-loop (Ref. A-12).

2.2 \Upper Plenum Surfaces

Three control rod drive leadscrews were removed from the reactor head
as part of the July 1982 remote television inspection of the damaged core.
The former locations of the leadscrews removed are shown in Fig. A-S.

Examination of the leadscrews showed two distinct surface deposition
reglons: (a) an outer layer of easily removed material, and (b) an
adherent layer adjacent to the stainless steel. Radlochemical analysis of
both the outer and inner deposits were completed. The examination results
are presented in Tables 23, 25, 38, and 39 of Ref. A-13 for the brushoff
debris and \n Tables 26, 28, 40, and 41 of the same document for the
decontamination solution.

The radlonuclide concentrations used for the inventory calculations
were obtained by summing the measured activity from both deposition layers
and dividing by the leadscrew area. These data are summarized in Table A-8.

The total upper plenum surface ared assoclated with the average

leadscrew concentration was taken from Ref. A-11 (Table C-11) and s also
shown in Table A-8.
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TABLE A-7. MEASURED ISOTOPIC DEPOSITION AND ESTIMATED SURFACE AREA FOR RCS
HOT LEG SURFACES

OATA CORRECTED TO: 01/84

VOL ,MASS ,AREA = 9.7000+405 cm2
UNCERTAINTY [N VOL ,MASS ,AREA = $.72000+04 cm2

1SOTOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 9.4400400 uCi/cm2 2.0000-01 uCi/cm2
58-125 1.3200-01 uCi/cm2 1.5000-02 uCi/ca2
CS-134 9.4100-01 uCi/cm2 8.0000-03 uCi/cm2
€s-137 2.0000+01 uCi/cm2 1.0000-01 uCi/cm2
CE-144 2.6200-01 uCi/cm2 9.0000-03 uCi/cm2
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TABLE A-8. AVERAGE ISOTOPIC ACTIVITY/AREA FOR THE CONTROL ROD LEADSCREWS
AND ASSOCIATED AREA OF THE TMI-2 UPPER PLENUM SURFACES

DATA CORRECTED TO: 03/84

VOL ,MASS ,AREA = 3.5400406 cm2

UNCERTAINTY IN VOL,MASS,AREA = 7.100D+05 cm2
1S0TOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-%0 1.9800+401 uCi/cm2 2.0000-0! uCi/cm2
RU-106 3.070D+00 uCi/cm2 7.000D-02 uCi/cm2
SB-125 8.7200+00 uCi/cm2 1.850D0+400 uCi/cm2
I-129 5.3500-05 uCi/cm2 3.100D-06 uCi/cm2
TE 5.690D+00 uCi/cm2 0.000D400 uCi/cm2
£S-134 9.040D+00 uCi/cm?2 1.3000-01 uCi/cm2
£S-137 6.370D+01 uCi/cm2 46.500D+00 uCis/cm2
CE-144 7.1000+400 uCi/cm?2 6.8000-01 uCi/cm2
EU-154 7.1200-03 uCi/cm2 3.600D-04 uCi/cm2
EU-155 2.450D-02 uCi/cm2 2.000D0-04 uCi/cm2
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2.3 Steam Generator Surfaces

The manway cover backing (MCB) plates from steam generators A and B
(see F1g. A-6) were examined at the Battelle Hot Cell facility \n Ohio.
The plates were sectioned to obtain samples for radiochemical examination.

The radlonuclide activity from the inner surface of each sectioned
coupon 1s listed In Table 3 of Ref. A-14. The effective activity/unit of
steam generator surface area was obtained by averaging the measured
activity over the surface area assoclated with each sample. These surface
concentration data are shown in Table A-9. The total surface area of the
steam generators assoclated with the surface activity concentrations is
also shown in Table A-9 and was taken from Ref. A-14,

2.4 Pressurizer Surfaces

The MCB plate from the pressurizer (see Fig. A-7) was sectioned and
examined at the Battelle Hot Cell Facility. The measured radionuc)ide
activity from the inner surface of each sectioned coupon is Yisted in
Table 3 of Ref. A-14. The effective radionuclide surface concentration of
the pressurizer MCB plate was obtalned by averaging the measurements from
each coupon and dividing by the effective surface area of the sample.

These data are summarized in Table A-10. The assoclated total surface area
of the pressurizer (from Ref. A-15) is also shown in Table A-10.

2.5 Steam Generator Sediment

The 'tube sheet' of the B-loop steam generator is covered with an
estimated 1 to 4 liters of debris with particles ranging in size up to
0.6 cm. A debris sample was vacuumed from the tube sheet on August 30,
1986. The volume of the sample ts about 7.7 cns. Assuming this matertal
has & density of 3.6 q/cn_3 (the lower average bulk density of the core
debris samples from Ref. A-1), the tota) sample weight s approximately

28 g.
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TABLE A-9. AVERAGED ISOTOPIC ACTIVITY/AREA FOR THE STEAM GENERATOR BACKING
COVER PLATES AND ASSOCIATED SURFACE AREAS FOR THE TMI-2 STEAM

GENERATORS

DATA CORRECTED TO: 03/84

VOL ,MASS ,AREA = 3.700D+07 cm2

UNCERTAINTY IN VOL,MASS,AREA = 3.700D+06 cm?2
ISOTOFE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 1.2460D0~-01 uCi/cm2 ?.000D0-03 uCi/cm2
RU~106 3.4300-02 uCi/cm2 1.000D-04 uCi/cm2
SB-125 1.790D-01 uCi/cm2 1.000D0-03 uCi/cm2
1-12¢ 2.8600-06 uCi/cm2 2.0000-08 uCi/cm:
CS-134 8.580D0-02 uCi/cm?2 8.000D-04 uCi/cm2
CS-137 3.4400+400 uCi/cm2 1.0000-02 uCi/cm2
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TABLE A-10. AVERAGE ISOTOPIC ACTIVITY/AREA FOR THE PRESSURIZER BACKING
COVER PLATES AND ASSOCIATED SURFACE AREA FOR THE TMI-2

PRESSURIZER
OATA CORRECTED TO: 03/84
VOL ,MASS ,AREA = 1.0000406 cm2

UNCERTAINTY IN VOL ,MASS ,AREA = 1.000D0+05 cn2

1SO0TOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 3.6000-01 uCi/cm2 1.9000-02 uCi/cm2
$8-125 8.6880D-04 uCi/cm2 1.2800-04 uCi/cm2
(S-134 1.1800-03 uCi/cm2 5.0000-05 uCi/cm2
€S-137 4.2400-02 uCi/cm2 3.000D-04 uCi/cm2
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The activity of the sample was measured by GPU and the results
documented in Ref. A-16. The radionucliide activity/g of debris material
was obtained by dividing the measured activity by the sample weight (28 g)
and s summarized in Table A-10. Assuming the above density of the debris
material, the total debris mass associated with this specific activity is
estimated to be between 3.6-14.4 kg. Because of the large uncertainty in
the estimated mass, the nominal debris mass and associated uncertainty 1s
assumed to be 8 kg and 5 kg respectively, as noted in Table A-11.

2.6 Pressurizer Sediment

A remote television inspection of the pressurizer internals conducted
in December 1985 indicated the presence of sediment within the pressurizer,
mostly deposited on the bottom of the pressurizer. The bottom sediment
appears to be deepest near the injection nozzle, and decreases toward the
periphery. Some larger debris material was also observed. Most of the
sediment is comprised of fine particles, easily levitated by localized
water disturbance.

A sample of sediment was acquired for examination in December 1985.
After initial gamma scans were completed, the sample was divided into
1iquid and solid components for additional gamma analysis. The measured
activities are documented in Table 1 of Ref. A-17. An average radionuclide
concentration for the pressurizer sediment was obtained by summing the
activity of the solid debris particles greater than 0.45 micron in diameter
and dividing by the sample solid weight. This average sediment data is
summarized in Table A-12.

A maximum sediment volume of 12 1iters was estimated from visual
observations (Ref. A-18). A total sediment mass of 66 kg s estimated,
based on the volume of the debris and an assumed density of 5.5 g/cm3 as
shown in Table A-12.
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TABLE A-11. CESIUM CONCENTRATION AND ESTIMATED DEBRIS MASS FROM THE B8-L00P
STEAN GENERATOR TUBE SHEET

DATA CORRECTED TO: 10/86

VOL ,MASS ,AREA = 8.0000+03 ¢
UNCERTAINTY IN VOL ,MASS,AREA = 3.0000+03 g

[SOTOPE CONCENTRATION UNCERT. IN CONCENTRATION
CS-134 5.7300+01 uCi/g 0.0000+00 uCi/g
€S-137 2.4100+03 uCi/g 0.0000+00 uCi/g
CE-144 2.600D+01 uCi/g 0.0000+00 uCi/g
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TABLE A-12. AVERAGE ISOTOPIC CONCENTRATION AND ASSOCIATED MASS OF THE
PRESSURIZER SEDIMENT

DATA CORRECTED TO: 01/86
VOL ,MASS ,AREA = 6.600D+04 g
UNCERTAINTY IN UOL,MASS,AREA = 0.000D0+00 g
1S0TOPE CONCENTRATION UNCERT. IN CONCENTRATION
RU-106 4.500D+00 uCi/g 0.000D+00 uCi/g
SB-125 5.080D-01 uCi/g 0.0000+00 uCi/g
CS-134 1.1900+00 uCi/g 0.000D+00 uCi/g
CS-137 3.720D401 uCi/g 0.000D0+00 uCi/g
CE-144 8.250D+00 uCi/g 0.0000+00 uCi/g
EU-155 1.1400+00 uCi/g 0.000D+00 uCi/g
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2.1 keup and Purification Demineralizer Scdiment

o s c—— e ——. . "

Ouring norma) operation, the makeup and purification system receives
reactor coolant from the stesam generator cold leg for filtration and
demineralization. 1The demineralizer vessels are located 'n the auxillary
bullding as shown in Fig. A-8.

GPU Nuclear has estimated that during the first 16.5 hours after
Inttiation of the accident, the makeup and purification system processed
about 1.7 x 10° kg (46,000 gal) of water from the RCS and was severely
contaminated with fisston product radionuclides. The demineralizer resin
beds were significantly degraded, both radlolytically and thermally;
comparison of the post-accident resin-bed volumes with that of preaccident
volumes shows that severe shrinking (~55%) of the resin beds occurred.

The demincralizers were inspected and sampled by GPUN in early 1983
and 1t was observed that demineralizer "A® contatned only dry caked resin,
whereas l1iquid was stil) present in demineralizer "B*. Radlonuclide
analyses of the resin and 1iquid phases of the demineralizer "A® and "8"
samples are given in Table 2 of Ref. A-19 and are summarized in lable A-13.

Nondestructive assays were employed to estimate the sediment quantity
In each demineralizer. Estimated demineralizer vessel loadings are shown
tn Table 1 of Ref. A-19. These values were used for the assoclated mass of
demineralizer resins for inventory calculattons in Section 3.

2.8 Reactor Coolant Drain Tank (RCDT)

The reactor coolant drain tank (RCD1) recelves water from the
pressurizer when the PORV releases pressure In the reactor system. The
RCOT ts located in the reactor bullding basement as shown in Fig. A-9.
During the first three days following the accident, an estimated
1.0 x 109 m) of primary coolant escaped from the RCS through the
pressurizer to the RCDT (Ref. A-20). Major reactor coolant flow through
the RCDT for the first 15 hours of the accident Vs shown In tig. A-10 (from
Ref. A-21). Leakage through the RCOI continued unttl July 1982, when the
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TABLE A-13. MEASURED ACTIVITY CONCENTRATION AND TOTAL MASS OF THE MAKEUP
AND LETOOWN DEMINERALIZER RESINS AND LIQUID

DATA CORRECTED TO: 05/83

VOL ,MASS ,AREA = 9.300D+0S5 g
UNCERTAINTY N VOL ,MASS,AREA = 0.0000+00 g

150TOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 1.9800403 uC1/g 0.000D+00 uCi/g
CS-134 8.7200+02 uCi.’g 0.0000+00 uCi/g
€s-137 1.3700+04 uCi/g 0.0000+400 uCi/g
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RCS was depressurized. The total volume of coolant that passed through the
RCDT during that period was estimated at 7 x 108 ml (Ref. A-11).

From December 1982 until July 1983, the reactor system was again
pressurized, resulting in additional leakage to the RCDI of approximately
2 x ]08 ml (Ref. A-11).

‘The total volume of 1liquid that passed through the RCDT was
1.9 x 109 ml before sampling of the tank. Samples of the RCDT Tiquid and
sediment were collected in December 1983. The sediment samples were taken
from the bottom inside surface of the RCD1, directly beneath the rupture
disk and vertical section of the rupture line. The volume of RCDT sediment
was estimated to be 26 kg as shown in Table A-14. As noted in Ref. A-10,
the uncertainty in the estimated RCDT sediment is +100% due to limited
inspection of the tank.

The measured activities of the sediment are summarized in Table 4 of
Ref. A-20. These values were used for the inventory calculation of
Section 3 and are presented in Table A-14.

2.9 RCS Coolant

As discussed in Section 2 of the report, the major fission product
transport medium from the core and RCS was via the RCS coolant flow through
the reactor vessel and the PORV. During the first day of the accident, an
estimated 8 x 105 kg of RCS coolant was lost through the PORV (see
Fig. A-10). During the month following the accident, coolant addition to
the RCS was controlled by the decrease in noncondensable gases within the
RCS (primarily hydrogen). The RCS makeup was further complicated by loss
of letdown flow to the makeup and purification systems and the use of the
reactor coolant bleed holdup tanks as a source of RCS coolant makeup.

After the first month, continued RCS coolant makeup was required to

compensate for RCS and makeup system leakage.

The RCS coolant has been monitored extensively since the accident.
The general Cs and Sr activity vs. time are shown in Fig. A-11. The large
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TABLE A-14. MEASURED ACTIVITY CONCENTRATION AND TOTAL MASS OF THE RCDT

SEDIMENT
DATA CORRECTED TO: 04/84
VOL ,MASS ,AREA = 2.4000+04 g

UNCERTAINTY [N VOL ,MASS ,AREA = 35.2000+03 ¢

1SOTOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 1.3900+04 uCi/g 7.0000+02 uCi/g
RU-104 6.1000¢01 uC:/g 3.0000+00 uCi/g
$8-125 1.5700+01 uCi/g 8.0000-01 uCi/g
1-129 $.2000-08 uCi/g 4.0000-09 uCi/g
CS-134 S$.7000+00 uCi/g 4.0000-01 uCi/g
€S-137 9.7000+01 uCi’g 2.0000400 uCi/g
CE144 9.6000401 uCi/g 2.0000+00 uCi/g
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decrease \n Cs content commencing at 1200 days was due to coolant cleanup
activities through the submerged demineralizer system (SOS) (Ref. A-20).
The smaller fluctuations resulted from changes \n water chemistry and
dVlution of the RCS coolant due to continued coolant makeup.

Several measurements of the RCS coolant activity have been made; these
measurements vary significantly, most Yikely due to dilution and leakage
from the RCS. The data for Sr-90, 1-129, Cs-134, and Cs-137 were obtalned
from Table 10 of Ref. A-22. The data for Sb-125 and Ce-144 were obtained
from Table 3-6 of Ref. A-23. These data (used for the inventory
calculations of Section 3) are summarized 'n Table A-15 and represent the
meadsured activities of the RCS coolant samples on August 14, 1980. The
total RCS coolant mass assoclated with the measured activity data were
taken from Ref. A-20 and are summarized in Table A-15.
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TABLE A-15. MEASURED ACTIVITY CONCENTRATIONS AND TOTAL MASS FOR RCS COOLANT

DATA CORRECTED TO: 08/30

VOL ,MASS,AREA = 3.330D+08 ml

UNCERTAINTY IN VOL,MASS,AREA = 0.0000+400 ml
1S0TOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 2.350D0+01 uCi/ml 7.000D-01 uCi/ml
[-129 7.100D-06 uCi/ml 3.0000-07 uCi/ml
€CE-134 5.270D0+00 uCi/ml 8.000D-02 uCi/m}
€5-137 3.060D+01 uCi/ml 2.000D-01 uCi/ml
SB-125 3.1000-02 uCi/ml 0.000D+00 uCi/ml
CE-144 4.900D0-02 uCi/ml 0.000D+00 uCi/ml
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3. EX-RCS FISSION PRODUCT REPOSITORIES

The previous two sections summarize the major fission product
repositories within the reactor cooling system. lhe following subsections
summarize the data for the following major repositories outside the RCS:

Reactor bu\ld\ng‘ water,

Reactor bullding sediment,

Reactor bullding lower walls,
Reactor bullding upper surfaces,
Reactor bullding air space,
Auxiltary dbullding water, and
Auxiliary butlding gaseous release.

3.1 Reactor Building Mater

The reactor bullding basemenl water is attributed to the following

three major sources.

Flow of RCS Coolant Through the PORV

ODuring the first day of the accident, RCS coolant continued to
escape to the reactor building basement via the stuck-open PORV
block valve until 0630, when 1t was closed. -Additional coolant
escaped through the PORV from 0713 to 1700 hours when the block
valve was intermittently opened to regulate RCS pressure. An
estimated 1 x lo6 1iters of reactor coolant was released to the
basement via this pathway during the first three days.

3. Also referred to as the containment building.
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In addition to the 1 x 106 1iters of RCS water released during
the first three days of the accident, an average of

29.6 1iters/hr flowed through the PORV block valve for more than
two years following the accident. This leakage contributed

6.74 x 105 1iters of RCS water to the basement water volume.
Thus, the total volume of RCS water that escaped to the basement
was approximately 1.67 x 106 1iters which is about 69% of the
total volume of water released to the basement as of

September 23, 1981.

2. Reactor Building Spray System

As a result of the hydrogen burn pressure spike that occurred at
1350 hours on the day of the accident, the reactor bullding spray
system was activated and remained on for 5 min 40 sec. During
that time, the system discharged an estimated 6.43 x 10 liters
of chemically treated water into the reactor building

atmosphere. The volume of water discharged by the spray system
represents about 3% of the totdl basement water volume as of
September 23, 1981.

3. Flow of River Water

Further increase in the reactor building water level after the
accident is attributed to leakage from the reactor bullding air

5 1iters of river

cooling assembly. An estimated 6.81 x 10
water leaked into the basement from this source. The river water
represents about 28% of the maximum basement water inventory

prior to the start of SDS processing in September 1981.

The depth of the water in the R/B basement from May 1979 through
December 1983 1s shown graphically in Fig. A-12. Before the start of SDS
processing on September 23, 1981, the water level had been iIncreasing at a
fairly constant rate due to leakage from the RCS and the river water
cooling system. However, by the time the gross decontamination experiment
commenced six months later, in March 1982, about 2.3 x ]06 11ters of
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contaminated water had been pumped from the basement and processed through
the S0S. The gross decontamination experiment and subsequent
decontamination operations pertodically Increased the water depth. By
mid-April 1983, an estimated 1.4 x 106 1iters of processed water had been
used for decontamination purposes and had been returned to the basement.

Table A-16 summarizes the liquid samples that have been collected from
the R/B basement since August 1979. Fig. A-13 shows the locations where
the 1iquid samples were collected.

Radiochemical analysis results for the samples that were collected
from the reactor building basement from August 1979 through January 1983
are summarized in Table 5 of Ref. A-20. Gamma spectrometer measurements
and 1-129 and Sr-90 analyses results are presented in Tables 2 and 3 of
Ref. A-24. The average radionuclide concentrations as of May 14, 1981,
(before SDS processing began on September 23, 1981), were taken as
representative for the inventory calculation and are summarized in
Table A-17. The associated liquid volume is also shown in Table A-17 and
was taken from Table 5 of Ref. A-20.

3.2 Reactor Building Sediment

Reactor building sediment samples were obtained at the same times as
the reactor building basement 1iquid samples.

The radiochemical analyses results for the samples collected from
August 1979 through January 1983 are summarized in Table 6 of Ref. A-20.
The average radionuclide concentrations as of May 14, 1981 (before SDS
processing began) were taken as representative for the inventory
calculation and are summarized in Table A-18. The samples were collected
from three depths in the water and from the basement floor directly beneath

the covered hatch on the 305-ft elevation on May 14, 1981, using the
multilevel sampler.

Collectively, the visual inspections of the basement floor indicate
that the sediment thickness ranges from 0 to 1.3 cm. Ffor the purpose of
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TABLE A-17. MEASURED ACTIVITY CONCENTRATION AND SAMPLE VOLUME/MASS FROM THE
REACTOR BUILDING LIQUID

DATA CORRECTED TO: 05/81
VOL ,MASS5,AREA = 2.3900409 ml
UNCERTAINTY IN VOL,MASS,AREA = 0.000D+00 ml
ISOTOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 5.200D+400 uCi/ml 3.000D-01 uCi/ml
SB-125 3.0000-02 uCi/ml 3.000D0-03 uCi/ml
1-12¢9 4.300D0-06 uCi/ml 3.000D-07 uCi/mi
C5-134 1.9200+401 uCi/ml 1.000D-0! uCi/mi
£S-137 1.4300+402 uCi/m! 1.000D+00 uCi/mil
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TABLE A-18. MEASURED ACTIVITY CONCENTRATION AND ASSOCIATED MASS OF THE
REACTIOR BUILDING (CONTAINMENT) SEDIMENT

OATA CORRECTED TD: (2% )]

VOL ]SS AREA =
UNCERTAINTY IN VOL JMAES AREA =

1SOTOPE CONCENTRAT I ON UNCERT. IN CONCENTRATION
-9 8.0000402 oCi/g 2.0000482 oCi/g
n-104 1.0480002 oCi/g 7.0000+408 oLi/g
8-125 48790482 oCi/g 20000480 oC1/g
1-129 1.1080-81 oCi/g 1.0000-02 oCi/g
Cs-14 1.0790402 oCi/g 10000400 oCi/p
cs-1% 8.0800402 Ci/g 3.0000+08 oCi/g
CE-104 6.6000401 oCi/p

3.0000000 oCi/g

i — =
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Figure A-13. Reactor building basement water sample locations.
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these calculations, 't s assumed that the average thickness of the
sediment layer covering the basement floor 1s 0.035 cm and that the solid
density of the sedimenl layers is 63.5 nq/cna. The surface area of the
basement floor s 9.11 «x lo6 cuz. Therefore the assoclated mass of
sediment on the basement floor s 367 kg. This mass is shown in Table A-18
and s taken from Table 6 of Ref. A-20.

3.3 Reactor Bullding Lower Walls (Below High-water Level)

Three concrete samples were removed from the reactor bullding basement
walls at the location shown in Fig. A-14. Locatlons 'Al’ and ‘sub-2' were
below the water level from approximately January through October 1981.
However, the 82 sample was exposed to the accident water from the beginning
of the accident until water processing was nearly completed (1V.e.,

January 1982). The samples represent the following three categories of
concrete surfaces that were submerged In water from the accident:

1. Unpainted, 3000 ps! concrete (Location Al)
2. Painted, 5000 pst concrete (Location B2)
3. Unpainted, concrete block (Locatton sub-2).

Table 3 of Ref. A-25 lists the total quantity of fisslon products
present iIn each concrete sample and the total percentages leached into
solution during the four-month study. The surface concentration of the
concrete wall used for the )nventory calculation was obtained by summing
the retained and leached components of the activity and dividing by the
surface area of the samples. These data are shown in Table A-19.

A 1ist of reactor building surface areas 1s summarized in Table 55 of
Ref. A-26. The total surface area of immersed basement walls 1s calculated
to 2.90 x 107 (l? based on an estimated maximum water depth In the
basement of 2.6 m during and after the accident. This surface area 1s
noted in Table A-19.
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TABLE A-19.

MEASURED ACTIVITY CONCENTRATION AND ASSOCIATEO SURFACE AREA OF
THE REACTOR BUILDING BASEMENT WALLS (BELOW WATER LEVEL)

DATA CORRECTED 10» 03/84

VOL ,MASS AEA = 2.9080007 2
UNCERTAINTY IN VOL MASS AREA = 0.0000+08 (w2

1S0TOPE CONCENTRATION UNCERT, IN CONCENTRATION
®-90 6.0400401 oCi/cm2 0.9000+00 oCi/cm2
137 2.7500+03 «Ci/m2 0.0000+00 oCi/om2
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3.4 Reactor Building Upper Surfaces {Above High-water Level)

In-situ gamma scans of the reactor building air cooling assembly (11C,
11D, and 11E cooling coils and drip pans) were completed in October 1981
(see Fig. A-15). In addition, 85 samples were obtained from the reactor
building structural surfaces in December 1981 (before the
gross-decontamination experiment) and an additional 95 surface samples were
obtained from the same surfaces in late March 1982, following the
completion of the gross-decontamination experiment.

In April 1983 a total of five panels were removed from the reactor
building air coolers (one from each reactor building air cooler). The
panels were shipped to the INEL for laboratory examination to characterize

surface depositions.

Results of the in-situ gamma spectral measurements of the reactor
building cooling assembly surfaces are presented in Table 27 of Ref. A-20.
Results of the surface activity measurements performed at the INEL are
presented in Tables 24 and 25 of the same reference. Because the gamma
scan measurements of the drip pans and cooling coils did not yleld results
for Sr-90 and 1-129, the air cooler access panel analyses, rather than the
measurements of the pans and coils, were used to represent the containment
surface deposition for the inventory calculations. These data are shown in
Table A-20. Table 26 of Ref. A-20 shows the comparison of the air cooler
access panel data with data from surface samples obtained from the 305 ft
elevation of the reactor building. The comparison suggests that deposition
was similar for all radionuclides at both locations.

Table 2 of Ref. A-20 summarizes the surface areas of components
associated with the reactor building air coolers. Table 55 of Ref. A-26
documents the total internal reactor bullding surface area. The reactor
building surface area above the water level, used for the inventory
calculation, ¥s shown in Table A-20.
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TABLE A-20.

MEASURED ACTIVITY CONCENTRATION AND ASSOCIATED SURFACE AREA OF
THE REACTOR BUILDING UPPER WALLS

DATA CORRECTED TO: 03/84
VOL ,MASS,AREA = 1.9100408 cm2
UNCERTAINTY IN VOL,MASS,AREA = 0.000D+00 cm2
150TOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 1.800D~02 uCi/cm2 1.700D-02 uCi/cm2
1-129 3.600D-06 uCi/cm2 2.2000-086 uCi/cm2
£s-134 4.300D-02 uCi/m2 4.5000-02 uCi/cm2

€5-137 7.6000-01 uCi/cm2 8.000D-01 uCi/cm2

A-58



3.5 Reactor Bullding Alir Space

During the period from April 29, 1980, to May 2, 1980, the atmosphere
of the TNI-2 reactor bullding was sampled and subsequently analyzed to
provide characterization before the containment purge.

Analyses for the determination of 1-129, C-14, H-3, Kr-85, and
radionuclide activity of suspended particulates and for molecular analysis

of the atmosphere gaseous components were performed by two different
analytical laboratories at INEL.

The radtonuclide concentrations determined during the sampling program
and estimated total containment free volume assoclated with the gas sample
data are presented in Table 14 of Ref. A-27 and are summarized In
Table A-21.

3.6 Auxiliary Bullding Liquid

The radloactive coolant in the auxiliary building consisted of:
° inventory existing before the accident,

° contaminated water transferred from the reactor containment
building sump to the auxiliary building during the early phases
of the accident,

) letdown from the reactor coolant system, and

° norma) leakage from system components.

*

Approximately 280,000 gallons (1050 ua) of \ntermediate-level waste
exists iIn the auxiliary building tanks. The radloactive water volume In
each auxiliary bullding tank s indicated in Table 11-8 of Ref. A-28 and
the radloactive concentration on June 15, 1979 is tabulated in Table 11-9

_of the same reference.
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TABLE A-21. MEASURED VOLUMETRIC ACTIVITY AND ASSOCIATED FREE VOLUME OFf THE
REACTOR BUILDING (CONTAINMENT)

DATA CORRECTED TO:

1OL,MASS ,AREA =

UNCERTAINTY IN VOL,MASS,AREA =

1SOTOPE

SR-%0

RU-104
$B-125
I-129

CS-134
Cs-137
CE-144
EU-134
EU-155
KR-85

D WK DN = DO —-

CONCENTRATION

.600D-10
.000D~11
.000D-10
.7000-11
.1000-10
.2000-10
.000D-11
.000D-11
.000D-11
.8000-01

uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3

04/80

5.580D+410 cm3
0.000D0+400 cm3

UNCERT .

HDOOCOOM—~HOOW

IN CONCENTRATION

.000D-11
.000D+00
.000D+00
.0000-12
.000D-11
.000D-14
.000D+00
.000D+00
.000D+00
.000D-02

uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
uCi/cm3
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The reactor coolant bleed tank has the in-flow path from the Tiquid
rellef valve of the makeup tank. Two days after the accldent, the )iquld
rellef valve on the makeup tank was opened, allowing the highly radioactive
contents 1n the tank to flow Into the reactor coolant bleed tanks.

The water volume In the reactor coolant bleed tanks makes up
approximately 85X of total radwaste volume in the auxillary building tanks,
and the fisslon product concentration In these tanks s several times
higher than those in the other tanks. So the fission product inventory in
the reactor coolant bleed tanks can be used as the representative
repository for the auxVliary butlding liquid.

The three 1iquld reactor coolant bleed tank samples, identifled as
RCBT-A, RCBT-B, and RCBT-C were collected from Tanks A, B, and C on
December 20, 1979, January 28, 1980 and February &4, 1980, respectively.
These bleed tank samples were taken prior to processing through EPICOR-1I.
The results are listed in Table 10 of Ref A-22. Table A-22 summarizes the
concentration and assoclated 1iquid volume for the reactor coolant bleed
tanks used for the inventory calculations of Section 3. The concentration
data were obtained by averaging the data in Table 10 of Ref. A-23. The
1iquid volume was obtained from page 4-3 of Ref. A-29.

3.7 Auxillary Bullding Gas Release

The radloactive materials released to the environment as a result of
the THI-2 accident were those that escaped from the damaged fuel and were
transported In the coolant via the letdown line into the auxiliary bullding
and then into the environment. The noble gases and radiolodines, because
of thelr volatile nature and extensive release from the fuel, were the
primary radionuclles released from the auxiliary bullding to the
environment .

The principal release of radioactive noble gases occurred on the first

day of the accident. The tota) quantity of released radioactive matertals
ts estimated as 2.5 million CV. Table 11-1 of Ref. A-28 summarizes the
estimated quantity released of Kr-88, Xe-133, X3-133m, Xe-135, Xe-135m, and

1-131.
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TABLE A-22. MEASURED ACTIVITY AND ASSOCIATED VOLUME OF REACTOR COOLANT
BLEED TANKS

DATA CORRECTED Y0: 058l

VOL,MASS ,AREA = 9.4600+08 ml
UNCERTAINTY IN VOL ,MASS ,AREA = 7.0000407 o

1SOTOPE CONCENTRATION UNCERT. IN CONCENTRATION
SR-90 4.3000-01 uCi/m! 7.0000-02 uCi/m}
1-129 1.2000-05 uCi/ml 1.0000-06 uCi/mi
Cs-134 8.8500+00 uCi/ml 9.1000-01 uCi/ml
Cs-137 4.3700+01 uCi/ml 4.0000-01 uCi/ml
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Kr-85 and 1-129 are not included tn Table 11-1 of Ref. A-27 because
the released concentrattons werc below the detectability 1imits. Based on
the data in Table 11-1 of Ref. A-27, the maximum release fraction for the
noble gases Vs 0.01; for lodine-131 the release fraction s ~2 x 10'7.
Assuming these release fractions are valid for Kr-85 and 1-129, the total
release of Kr-85 and 1-129 1s 9.69 x 10° C1 and 4.3 x 107 (1,
respectively. The estimated environmental gas release from auxillary
bullding used for inventory calculations \s presented in Table A-23.
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TABLE A-23. ESTIMATED ENVIRONMENTAL RELEASE OF NOBLE GASES AND IODINE
(from Ref. A-27)

Activity Release to the Environment

Isotope (CV)
Kr -85 9.69 x 102
Kr-88 3.75 x 10°
Xe-133 1.58 x 106
Xe-133m 2.25 x 10°
Xe-135 3.0 x 10
Xe-135m 2.5 x 104
1-129 4.3 x 10-8
I-131 15
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APPENDIX B
INTACT ROD FISSION PRODUCT INVENTORY

As noted in Section J and Appendix A, the degraded core regions have
been \dentifled from video Inspections. This Appendix presents the data
and calculational results for estimating the fission product inventory
contained within the intact rod reglon (end-state).

It 's assumed that the relative core fission product distribution is
identical to the core burnup distribution. The core burnup data
(determined from the incore neutron monitors) defines a local burnup value
for each of seven equal axlal reglons for each core fuel assembly
(Ref. B-1). The burnup data s summarized in Table B-1. Figure B-1 is a
core cross-section showing the fuel assembly identifications.

The burnup and end-state core configuration data were used to
calculate the fraction of the total core burnup within the end-state regtion
of intact rods using the following equations:

17 1
Fractional Burnup in Intact Rods - ZZ (BU)UFu
1al el
where
] z fuel assembly number,
3 = ax1al burnup reglon,

OU‘, . burnup in region {1, ), and

f . fraction of rods intact in region 1, }.

'

Ine fraction of each fuel assembly axial region containing Intact
rods, ’13' was estimated from figs. B-2 through B-14 showing the upper
and lower bounds of the intact rod regions. These configuration data are
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based on the core bore inspection data evaluation summarized in Ref. B-2.
As noted in these figures, two cases are considered: the first represents
an upper bound region of intact rods, the second represents a lower bound
region of intact rods. The uncertainty in the configurations 1is based on
uncertainty in interpreting the core bore inspection data. The intact rod
fractions for each fuel assembly axial reg1ona are tabulated in

Tables B-2 and B-3 for- the upper and lower bound cases, respectively.

Table B-4 summarizes the results of calculations estimating the
fractional core burnup within the intact rod region. The results indicate
that the fractional core burnup within the intact rod zone (fraction
fission product inventory) is approximately 35% and 30% for the upper and
lower bound cases, respectively. Based on these results, the fractional
core fission product inventory of the intact rods is assumed to be
32.5 £ 2.5%.

REFERENCES -

B-1. G. Eidam 1tr to H. Burton, GPU Nuclear letter 4550-83-042, "TMI-2 Core
Radial and Axial Power History Data" September 29, 1983.

B-2. R. Smith, Assessment of Uncertainty in Volume of the Prior Molten Zone
Based Upon Borehole Video Data, EGG Report EGG-TMI-7289, August 1987.

a. A1l axial regions are relative to the top of the fuel rods, 1.e.,
Region #1 is at the top of the rod, Region #7 is at the bottom of the rod.
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TABLE B8-1.

FUEL ASSEMBLY BURNUP

8-21

(Mud /M1 )
Fuel (Yop) _ Region . {Bottom)
Assembly L 2 3 A S 6 /

as 966 2136 2632 2617 2522 2290 1416
a? 1031 2260 3053 3380 3321 2970 1984
A8 1334 3050 3738 3794 3717 3410 2134
Ay 1032 2260 3034 3381 3321 2971 1984
A10 947 2186 2632 2618 2523 2290 1416
B4 912 1807 2107 2101 2020 1845 1209
S 1456 2978 3401 3347 329% 3075 1936
86 1724 3854 4403 4567 4455 4163 2681
87 1650 3649 4387 4384 4264 3964 2582
89 1832 4307 5551 5572 $500 $163 3243
8y 1450 3649 4387 4385 4244 39446 23582
810 1724 3834 4403 4340 4454 4143 2682
811 1497 2973 3402 3348 3294 3075 1936
812 912 1807 2108 2102 2021 1845 1205
c3 1003 1973 2220 2170 2131 1994 1279
ce 1416 2741 3142 3122 3040 2837 1895
cs 1589 3219 3430 3478 3361 3194 2125
cé 1848 3928 4342 4016 3904 3836 2591
c? 1872 3801 4370 4264 4106 3840 2548
ce 1974 4101 4832 4794 4611 4241 2811
ce 1872 3801} 4371 42464 4106 3840 23548
c10 1914 3844 4303 4063 3926 3811 2612
Cit 1590 3220 3630 3479 3362 3194 2125
€12 1417 2742 3143 3124 3041 2838 1895
€13 1003 1973 2220 2171 2131 1997 1279
02 912 1807 2108 2102 2020 1845 1205
03 1412 2741 3142 3123 3040 2837 1895
De 1580 3158 3560 3413 3245 3044 2039
05 1804 3806 4188 3818 3445 3618 2514
Dé 1781 3944 3862 292S 285S 3419 2582
0? 2072 4040 4480 4224 4047 3939 2726
08 1708 3347 3920 3790 3401 3041 2240
D? 2072 4040 4480 4225 4067 3940 2724
010 1781 3944 3862 2925 2855 3419 2582
o1 1804 3807 418¢% 381¢ 3644 3615 2518
D12 1561 3158 3560 3413 3266 -5 2039
013 1417 2742 3143 3124 3041 2838 1895
Dise 912 1807 2108 2102 2021 1845 1205
€2 1497 2975 3402 3347 3295 3075 1936
E3 1597 3291 3404 3401 3310 3192 210/
€4 1908 3879 4127 3712 3612 3625 2454
ES 1438 3444 4197 3805 3638 344 2489
€6 1889 4121 4589 4207 4049 4014 2741
E? 2020 3929 4421 4301 4147 3891 2547
€0 2193 4161 4774 4723 4529 e 2738
€9 1931 3928 4483 4350 4184 3909 2569



TABLE B-1. (continued)

(Top) Region (Bottom)

Fuel
Assembly ] 2 3 4 5 6 d
E10 1885 4121 4589 4208 40350 4014 2741
Ell 1439 3444 4198 3806 3636 3646 2489
E12 1909 3880 4128 3713 3612 3625 2454
E13 1597 3251 3404 3401 3311 3192 2108
E14 1457 2975 3402 3348 3295 3075 1936
Fi 947 2184 2432 2618 2523 2290 1414
F2 1727 3917 44466 4598 4479 4192 2687
F3 1850 3845 4301 4035 3890 3790 2593
F4 1736 3%02 3794 28647 2829 3416 2569
FS 2025 4036 4470 4195 4024 3921 2740
Fé 2042 4021 4559 4435 4263 3950 2586
F?7 2141 4212 4933 4936 4714 4274 2819
F8 1802 3845 44675 4748 4572 4148 2489
F9 2141 4212 4933 4936 4714 4274 2819
Fi0 2042 4021 4559 44346 4263 3950 2586
Fi1 2026 4036 4470 4193 4025 3921 2740
Fi12 1737 3902 3794 2867 2830 3416 2569
Fi3 1872 3883 4247 3984 3920 3854 2548
F14 1727 3917 4667 4598 4479 4192 2483
F15 947 2186 2433 2618 2523 2290 1416
Gl 1032 2260 3053 3380 3321 2970 1984
G2 1699 3587 4276 4324 4252 3949 25952
G3 1848 3838 4395 42645 4133 3907 2594
G4 2040 4078 4494 4208 4034 3925 2728
G5 2076 3915 4393 4294 4147 3878 2604
G4 2184 4237 4921 4952 4804 4384 2847
G?7 2053 4089 4836 4904 4739 4270 2735
G8 2105 4284 3236 5421 5228 44678 3042
G 2053 4089 4834 4904 4739 4270 2734
G10 2184 4237 4921 4952 4805 4385 2847
Git 1939 3888 4439 4314 4145 3875 2578
G612 2060 4077 4494 4208 4036 3925 2728
G613 1848 3838 4395 4245 4133 3907 2593
614 1499 3587 4276 4324 4252 3949 2552
G1S 1032 2260 3053 3381 3321 2970 1984
H1 1334 3050 3738 3794 37217 340¢ 2134
H2 1832 4507 3350 9572 5500 5163 3242
H3 1974 4100 4831 4793 44611 4260 2811
H4 1708 3344 3919 3789 3400 3040 2240
HS 2152 4140 4773 4722 4528 4144 2735
Hé 1801 3844 4474 4747 4572 4147 24688
H7 2104 4283 9235 95421 3228 4478 3042
H8 2057 4799 4009 4213 4117 5571 3444
H? 2104 4283 9235 5421 5228 4478 3042
Hi0 1801 3844 4474 4747 4572 4147 2488
H11 2152 4140 4773 4722 4528 4144 2735
H12 1707 3344 3919 3789 3400 3040 2240
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TABLE 8-1. (continued)

{Top) Reglon (Bottom)

Fuel
Assembly 1 2 3 4 5 [ ]

H13 1973 4100 4831 4793 4411 42460 2811
Hie 1832 4307 3550 35722 3300 5143 3242
H1S 1334 3050 3737 3794 Nz 3409 2134
K1 1032 2260 3053 3380 3321 2970 1984
K2 1499 3587 42724 4324 4252 3949 2552
K3 1868 3838 4394 4243 4132 3907 2593
Ke 2059 4077 4494 4208 4034 3925 2728
X3 2002 3911 4418 4319 4185 3904 2553
Ké 2183 4234 4920 49351 4804 4384 2847
x? 2093 4088 4833 4904 4738 4270 2734
K8 2104 4283 9234 3421 5227 4477 3041
K9 2052 4088 4834 4904 4738 4270 2734
K10 2183 4236 4920 4951 4804 4384 28446
K1} 19227 3932 4487 4320 4121 3843 2403
K12 2059 40726 4493 4207 4033 3924 2728
X113 1867 3837 4394 4243 4132 3907 2593
Kid4 14989 3584 4273 4324 4232 3949 2332
KiS 1031 2235¢% 3053 3380 3321 2970 1984
Lt P67 2186 2632 2418 2823 2290 1416
L2 1726 3916 4444 4397 4478 4191 2683
L3 1789 3792 4212 3927 3839 3796 23545
L4 1735 3901 3792 28646 2828 34146 2568
LS 2025 4034 4448 4193 4023 3920 2739
Lé 240 4019 4557 4434 42461 3949 2383
L? 2139 4210 4931 4934 4713 4273 2819
L8 1800 3843 4473 4746 4571 4147 24688
LY 2139 4209 4931 4934 4713 4273 2819
L10 2040 4019 4557 4433 4261 3949 2585
L1t 2024 4033 4448 4193 4023 3919 2739
Li2 17234 3899 3792 2863 2828 3413 2548
L13 1862 3773 42493 4044 3917 3784 2383
Li4 1723 3913 44665 4597 4478 4191 2483
LS 946 2186 2632 2418 2323 2290 1414
M2 1454 2974 3401 3347 3299 3078 1936
M3 1596 3249 3602 3400 3309 3191 2107
M4 1907 3878 4126 3 3611 3624 2433
M3 1437 3642 4195 3804 3434 3649 2488
(7] 1883 4118 45846 4205 4047 4012 2740
M7 1992 3943 4452 4293 4124 3870 2580
M8 219} 4157 4721 4720 4327 4145 2734
(224 1970 3986 4473 4284 4157 3932 2567
M0 1882 4117 43583 4205 4047 4042 2740
nit 1436 3641 4199 3804 3434 3645 2488
M12 1906 3877 4123 3750 3610 3423 2453
ML 1993 3249 3402 3400 3309 3191 2107
M4 14393 2973 3400 3344 3294 3074 1936
N2 913 18046 2107 2101 2020 1844 1204
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TABLE B-1. (continued)

{Top) Reqion {Bottom)

Fuel
Assembly 1 2 3 4 5 6 a1
N3 1414 2740 3141 3122 3039 2837 1894
N4 1579 3155 3558 3411 3264 3064 2038
NS 1802 3803 4184 3814 3444 3613 2514
Né 1779 3940 3859 2922 2853 3417 2581
N7 2069 4056 4474 4222 4044 3937 2725
N8 1705 3342 3914 3787 3398 3058 2240
N9 2069 4053 4476 4221 4064 3937 2725
N10 1779 3940 3858 2922 2852 3417 2581
N1t 1801 '3802 4185 3815 3643 3612 2513
N12 1578 3154 3557 3411 3264 3043 2039
N13 1415 2738 3140 3121 3038 2834 1895
N14 911 1805 2104 2101 2020 1844 1204
03 1002 1971 2218 2170 2130 1994 1278
04 1415 2739 3141 3121 3039 2836 1894
05 1587 3216 3627 3476 3359 3192 2124
04 1787 3805 4279 4010 3872 3788 2589
07 1859 3797 4347 4241 4103 3838 2547
08 1971 4096 4828 4790 4409 4258 2810
09 1849 3794 4347 4261 4103 3838 2547
010 1752 3756 4237 3982 3864 3796 2593
01t 1587 3216 3426 3476 3359 3192 2124
012 1414 2738 3139 3120 3038 2836 1894
013 1002 1971 2218 2149 2130 1995 1278
P4 911 1805 2106 2100 2019 1844 1204
PS 1455 2972 3399 3345 3293 3074 1935
Pé 1722 3850 4599 4545 4453 4141 2480
P7 1448 34645 4383 4382 4262 3964 2581
P8 1829 4504 5547 9549 5498 95161 32461
P9 1447 34435 4383 4381 4261 3944 2581
P10 1721 3850 4599 45465 4453 41461 2480
P11 1454 2971 3398 3344 3293 3073 1935
P12 910 1804 2105 2100 2019 1843 1204
Ré 945 2183 2630 2616 2521 2288 14146
R7 1029 2256 3050 3378 3319 2949 1983
R8 1332 30446 3734 3791 3715 3408 2133
R9 1029 2256 3050 3378 3319 2949 1983
R10 964 2183 2629 2615 2521 2288 1415
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TABLE B8-2. FRACYION OF FUEL ASSEMBLY AXIAL RtGION CONIAINING INTACY RODS
(UPPtR BOUND ESTINMATL)
{Top) L Region {Bottom)
fuel
Assembly 1 2 3 4 5 6 1

Aé 1.000 1.000 1.000 1.000 1.000 1.000 1.000
a7 1.000 1.000 1.000 1.000 1.000 1.000 1.000
A8 1.000 1.000 1.000 1.000 1.000 1.000 1.000
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Al 1.000 1.000 1.000 1.000 1.000 1.000 1.000
[ 7] 0.000 0.000 1.000 1.000 1.000 1.000 1.000
8s 0.000 0.000 0.000 0.000 0.800 1.000 1.000
8e 8.000 0.000 0.000 0.000 0.800 1.000 1.000
87 0.000 0.000 0.000 0.000 0.800 1.000 1.000
BS 0.000 0.000 0.000 0.000 0.8%0 1.000 1.000
8y 0.000 0.000 0.000 0.000 0.900 1.000 1.000
010 0.000 0.000 0.000 0.000 0.930 1.000 1.000
Bt1 0.000 0.000 0.400 1.000 1.000 1.000 1.000
B12 0.000 0.000 1.000 1.000 1.000 1.000 1.000
c3 0.000 0.000 0.000 0.700 1.000 1.000 1.000
ce 0.000 0.000 0.000 0.000 0.550 1.000 1.000
cs 8.000 0.000 0.000 0.000 0.4% 1.000 1.000
(o) 0.000 0.000 0.000 0.000 0.400 1.000 1.000
c? 0.000 0.000 0.000 0.000 0.400 1.000 1.000
ce 9.000 0.000 0.000 0.000 0.450 1.000 1.000
ce 0.000 0.000 0.000 0.000 0.500 1.000 1.000
c10 0.000 0.000 0.000 0.000 8.700 1.000 1.000
cn 9.000 0.000 0.000 6.000 0.800 £.000 1.000
c12 9.000 0.000 0.500 1.000 1.000 1.000 1.000
13 0.200 1.000 1.000 1.000 1.000 1.000 1.800
D2 0.000 0.400 1.000 1.000 1.000 1.000 1.000
03 0.000 0.000 0.000 0.000 0.450 1.000 1.000
D4 0.000 0.000 0.000 0.000 0.300 1.000 1.000
03 0.000 0.000 0.000 0.000 0.150 1.000 1.000
D4 0.000 0.000 0.000 0.000 0.100 1.000 1.000
0? 0.000 0.000 0.000 0.000 0.100 1.000 1.000
0e 0.000 0.000 0.000 0.000 0.150 1.000 1.000
D9 0.000 0.000 0.000 0.000 0.2%0 1.000 1.000
010 0.000 0.000 0.000 0.000 0.400 1.000 1.000
011 0.000 0.000 0.000 0.000 0.700 1.000 1.000
D12 0.000 0.000 0.000 0.000 1.000 1.000 1.000
013 0.000 0.000 0.000 0.900 1.000 1.000 1.000
D14 0.000 1.000 $.000 1.000 1.000 1.000 1.000
€2 0.000 0.000 0.000 1.000 1.000 1.000 1.000
£3 9.000 0.000 0.000 0.000 0.3%0 1.000 1.000
Ee 0.000 0.000 0.000 0.000 - 0.190 1.000 1.000
€3 0.000 0.000 0.000 0.000 0.000 0.9%0 1.000
€6 0.000 0.000 0.000 0.000 0.000 0.850 1.000
€? 0.000 0.000 0.000 6.000 0.000 0.800 1.000
1] 0.000 0.000 0.000 0.000 0.000 0.830 1.000
€9 0.000 0.000 0.000 0.000 6.000 0.9%0 1.000
E10 0.000 0.000 0.000 0.000 0.130 1.000 1.000
£11 0.000 0.000 0.000 0.000 0.300 1.000 1.000
€12 0.900 0.000 8.000 0.000 0.950 1.000 1.000
€13 0.000 0.000 0.000 0.000 0.900 1.000 1.000
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TABLE B-2. (continued)
LTOD) Regjon (Bottoml
Fuel

Assembly ] 2 _ _3 . 4_ 5 -6 1
Ei14 0.000 0.000 0.450 1.000 1.000 1.000 1.000
F1 0.000 0.400 1.000 1.000 1.000 1.000 1.000
F2 0.000 0.000 0.000 0.000 0.400 1.000 1.000
F3 0.000 0.000 0.000 0.000 0.250 1.000 1.000
F4 0.000 0.000 0.000 0.000 0.000 0.950 1.000
FS 0.000 0.000 0.000 0.000 0.000 0.800 1.000
Fé 0.000 0.000 0.000 0.000 0.000 0.700 1.000
F? 0.000 0.000 0.000 0.000 0.000 0.600 1.000
F8 0.000 0.000 0.000 0.000 0.000 0.500 1.000
F9 0.000 0.000 0.000 0.000 0.000 0.450 1.000
F10 0.000 0.000 0.000 0.000 0.000 0.8%50 1.000
F1i 0.000 0.000 0.000 0.000 0.000 1.000 1.000
F12 0.000 0.000 0.000 0.000 0.300 1.000 1.000
F13 0.000 0.000 0.000 0.000 0.500 1.000 1.000
Fi14 0.000 0.000 0.000 0.700 1.000 1.000 1.000
F1S 0.000 0.700 1.000 1.000 1.000 1.000 1.000
G1 0.000 0.000 0.300 1.000 1.000 1.000 1.000
62 0.000 0.000 0.000 0.000 0.550 1.000 1.000
63 0.000 0.000 0.000 0.000 0.200 1.000 1.000
G4 0.000 0.000 0.000 0.000 0.050 1.000 1.000
G5 0.000 0.000 0.000 0.000 0.000 0.%00 1.000
6é 0.000 0.000 0.000 0.000 0.000 0.650 1.000
67 0.000 0.000 0.000 0.000 0.000 0.400 1.000
68 0.000 0.000 0.000 0.000 0.000 0.200 1.000
G9? 0.000 0.000 0.000 0.000 0.000 0.400 1.000
G610 0.000 0.000 0.000 0.000 0.000 0.400 1.000
611 0.000 0.000 0.000 0.000 0.000 0.850 1.000
612 0.000 0.000 0.000 0.000 0.100 1.000 1.000
613 0.000 0.000 0.000 0.000 0.400 1.000 1.000
614 0.000 0.000 0.000 0.000 0.400 1.000 1.000
Gt3 0.000 0.000 0.300 1.000 1.000 1.000 1.000
Hi 0.000 0.000 0.450 1.000 1.000 1.000 1.000
H2 0.000 0.000 0.000 0.000 0.600 1.000 1.000
H3 0.000 0.000 0.000 0.000 0.250 1.000 1.000
H4 0.000 0.000 0.000 0.000 0.150 1.000 1.000
H3 0.000 0.000 0.000 0.000 0.000 1.000 1.000
Hé 0.000 0.000 0.000 0.000 0.000 0.800 1.000
H? 0.000 0.000 0.0600 0.000 0.000 0.450 1.000
H8 0.000 0.000 0.000 0.000 0.000 0.150 1.000
H9 0.000 0.000 0.000 0.000 0.000 0.200 1.000
H10 0.000 0.000 0.000 0.000 0.000 0.400 1.000
H11 0.000 0.000 0.000 0.000 0.000 0.450 1.000
H12 0.000 0.000 0.000 0.000 0.000 0.950 1.000
H13 0.000 0.000 0.000 0.000 0.250 1.000 1.000
H14 0.000 0.000 0.000 0.000 0.400 1.000 1.000
H15 0.000 0.600 1.000 1.000 1.000 1.000 1.000
K1 0.000 0.000 1.000 1.000 1.000 1.000 1.000
K2 0.000 0.000 0.000 0.000 0.400 1.000 1.000
K3 0.000 0.000 0.000 0.000 0.250 1.000 1.000
K4 0.000 0.000 0.000 0.000 0.150 1.000 1.000
KS 0.000 0.900 0.000 0.000 0.100 1.000 1.000
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TABLE B-2. (continued)

e e T W o s A e 1T b . o e e e

Fuel {lop) Reglon _ _..{Bottom)

ve

Assembly 1 2 3 A 3 6 1
xe 0.000 0.000 0.600 0.000 0.000 0.900 1.000
« 0.000 0.000 0.000 0.000 0.000 0.500 1.000
X8 0.000 0.000 0.000 0.000 0.000 0.150 1.000
Ky 0.000 0.000 0.000 0.000 0.000 0.000 1.000
x10 0.000 0.000 0.000 0.000 0.000 0.250 1.000
X1 0.000 0.000 0.000 0.000 0.000 0.400 1.000
K12 0.000 0.000 0.000 0.000 0.000 0.900 1.000
K13 0.000 0.000 0.000 0.000 0.230 1.000 1.000
K14 0.000 0.000 0.000 0.000 0.700 1.000 1.000
s 0.000 0.000 0.150 1.000 1.000 1.000 1.000
u 0.000 0.000 0.700 1.000 1.000 1.000 1.000
L2 0.000 0.000 0.000 0.000 0.700 1.000 1.000
L3 0.008 0.000 0.000 0.000 0.300 1.000 1.000
Le 0.000 6.000 0.000 0.000 0.200 1.000 1.000
Ls 0.000 0.000 0.000 0.000 0.100 1.000 1.000
L6 0.000 0.000 0.000 0.000 0.000 0.900 1.000
L 0.000 0.000 0.000 0.000 0.000 0.3550 1.000
Le 0.000 0.000 0.000 0.000 0.000 0.200 1.000
Ly 0.000 0.000 0.000 0.000 0.000 0.150 1.000
L10 0.000 0.000 0.000 0.000 0.000 0.300 1.000
L 0.000 0.000 0.000 0.000 0.000 0.700 1.000
L2 0.000 0.000 0.000 0.000 0.000 0.9%0 1.000
13 0.000 0.000 0.000 0.000 0.300 1.000 1.000
L1e 0.000 0.000 0.1%0 1.000 1.000 1.000 1.000
L9 0.000 0.330 1.000 1.000 1.000 1.000 1.000
0 0.000 0.000 0.000 0.430 1.000 1.000 1.000
k] 0.000 0.000 0.000 0.000 0.430 1.000 1.000
e 6.000 0.000 0.000 0.000 0.300 1.000 1.000
" 0.000 0.000 0.000 0.000 0.150 1.000 1.000
Mo 0.000 0.000 0.000 0.000 0.000 0.950 1.000
N7 0.000 0.000 0.000 0.000 0.000 0.700 1.000
"o 0.000 0.000 0.000 0.000 0.000 0.400 1.000
ne 0.000 0.000 0.000 0.000 0.000 0.400 1.000
L) 0.000 0.000 0.000 0.000 0.000 0.700 1.000
it 0.000 0.000 0.000 0.000 0.000 0.900 1.000
M12 0.000 0.000 0.000 0.000 0.100 1.000 1.000
M3 0.000 0.000 0.000 0.000 0.400 1.000 1.000
M1 4 0.000 0.000 0.000 0.050 1.000 1.000 1.000
N2 0.000 0.300 1.000 1.000 1.000 1.000 1.000
N 0.000 0.000 0.000 0.000 0.600 1.000 1.000
N4 0.000 0.000 0.000 0.000 0.350 1.000 1.000
NS 0.000 0.000 0.000 0.000 0.100 1.000 1,000
Ne 9.000 0.000 0.000 0.000 0.000 0.900 1.000
N? 0.000 0.000 0.000 0.000 0.000 0.7%0 1.000
NO 0.000 0.000 0.000 0.000 0.000 0.600 1.000
Ny 0.000 0.000 0.000 0.000 0.000 0.700 1.000
N1O 0.000 0.000 0.000 0.000 0.000 0.850 1.000
NI Y 0.000 0.000 0.000 0.000 0.100 1.000 1.000
N12 0.000 0.000 0.000 0.000 0.430 1.000 1.000
Ni3D 0.000 0.000 0.000 0.000 0.7%0 1.000 1.000
Nia 0.000 0.000 0.000 0.800 1.000 1.000 1.000
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TABLE B-2. (continued)
{Top) Region (Bottom)
Fuel

Assembly 1 2 3 4 5 _ _6 1
03 0.000 0.000 0.500 1.000 1.000 1.000 1.000
04 "~ 0.000 0.000 0.000 0.150 1.000 1.000 1.000
05 0.000 0.000 0.000 0.000 0.300 1.000 1.000
0é 0.000 0.000 0.000 0.000 0.100 1.000 1.000
07 0.000 0.000 0.000 0.000 0.000 1.000 1.000
08 0.000 0.000 0.000 0.000 0.000 0.950 1.000
09 0.000 0.000 0.000 0.000 0.000 1.000 1.000
010 0.000 0.000 0.000 0.000 0.150 1.000 1.000
011 0.000 0.000 0.000 0.000 0.400 1.000 1.000
012 0.000 0.000 0.000 0.000 0.800 1.000 1.000
013 0.000 0.000 0.000 0.900 1.000 1.000 1.000
P4 0.000 0.000 0.100 1.000 1.000 1.000 1.000
PS5 0.000 0.000 0.000 0.000 0.700 1.000 1.000
Pé 0.000 0.000 0.000 0.000 0.400 1.000 1.000
P? 0.000 0.000 0.000 0.000 0.250 1.000 1.000
P8 0.000 0.000 0.000 0.000 0.250 1.000 1.000
P9 0.000 0.000 0.000 0.000 0.300 1.000 1.000
P10 0.000 0.000 0.000 0.000 0.500 1.000 1.000
P11 0.000 0.000 0.000 0.000 0.700 1.000 1.000
P12 0.000 0.400 1.000 1.000 1.000 1.000 1.000
Ré 0.000 0.000 0.000 §.000 1.000 1.000 1.000
R7 0.000 0.000 0.000 1.000 1.000 1.000 1.000
RS 0.000 0.000 0.000 1.000 1.000 1.000 1.000
R9 0.000 0.000 0.000 1.000 1.000 1.000 1.000
R10 0.000 0.000 0.000 1.000 1.000 1.000 1.000
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TABLE B8-3. FRACVION OF FUEL ASSEMBLY AXIAL REGION CONTAINING INTACI RODS
{LOMER BOUND ESTIMATL)

{Top) Region (Bottom)
fuel
Assembly 1 2 k| 4 5 6 7

A 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Aa? 1.000 1.000 1.000 1.000 1.000 1.000 1.000
A9 1.000 1.000 1.000 1.000 1.000 1.000 1.000
(14 1.080 1.000 1.000 1.000 1.000 1.000 1.000
Al 0 1.000 1.000 1.000 1.000 1.000 1.000 1.000
84 0.000 0.000 0.000 1.000 1.000 1.000 1.000
| -3 0.000 0.000 0.000 0.000 0.700 1.000 1.000
8é 9.000 0.000 0.000 0.000 0.4600 1.000 1.000
-4 0.000 0.000 0.000 0.000 0.4350 1.000 1.000
89 0.000 0.000 0.000 0.000 0.700 1.000 1.000
(1,4 0.000 0.000 0.000 0.000 0.800 1.000 1.000
810 0.000 0.000 0.000 0.000 0.9350 1.000 1.000
811 0.000 0.000 0.400 1.000 1.000 1.000 1.000
812 0.000 0.000 1.000 1.000 1.000 1.000 1.000
c3 0.000 0.000 0.000 0.000 0.400 1.000 1.000
(o ] 0.000 0.000 0.000 0.000 0.400 1.000 1.000
csS 0.000 0.000 0.000 0.000 0.3%0 1.000 1.000
Cé 0.000 0.000 0.000 0.000 0.300 1.000 1.000
c? 0.000 0.000 0.000 0.000 0.300 1.000 1.000
ce 0.000 0.000 0.000 0.000 0.3% 1.000 1.000
cy 0.000 0.000 0.000 0.000 0.4%0 1.000 1.000
cie 0.000 0.000 0.000 0.000 0.400 1.000 1.000
C11 0.000 6.000 0.000 0.000 0.800 1.000 1.000
Ci12 $.000 0.000 0.200 1.000 1.000 1.000 1.000
C13 0.000 0.400 1.000 1.000 1.000 1.000 1.000
02 0.000 0.000 0.500 1.000 1.000 1.000 1.000
03 8.000 0.000 0.000 0.000 0.300 1.000 1.000
D4 8.000 0.000 0.000 0.000 0.200 1.000 1.000
03 $.000 0.000 0.000 0.000 0.050 1.000 1.000
Dé 6.000 0.000 0.1r00 0.000 0.000 1.000 1.000
0?7 0.000 0.000 0.000 0.000 0.000 1.000 1.000
08 9.000 0.000 0.000 0.000 0.000 1.000 1.000
09 0.000 0.000 0.000 0.000 0.100 1.000 1.000
010 0.000 0.000 0.000 0.000 0.250 1.000 1.000
D11 0.000 0.000 0.000 0.000 0.500 1.000 1.000
L2 0.000 0.000 0.000 0.000 0.800 1.000 1.000
013 0.000 0.000 0.000 0.500 1.000 1.000 1.000
14 6.000 0.000 1.000 +.000 1.000 1.000 1.000
€2 0.000 0.000 0.000 0.2%0 1.000 1.000 1.000
€3 0.000 0.000 0.000 0.000 0.200 1.000 1.000
(L] 9.000 0.000 0.000 0.000 . 0.000 0.900 1.000
(3] 0.000 0.000 0.000 0.000 0.000 0.800 1.000
€é 0.000 0.000 0.000 0.000 0.000 0.700 1,000
(¥4 0.000 0.000 0.000 0.000 0.000 0.700 1.000
€8 0.000 0.000 0.000 0.000 0.000 0.730 1.000
(34 0.000 0.000 0.000 0.000 0.000 0.800 1.000
€10 0.000 0.000 0.000 0.000 0.000 0.900 1.000
€11 0.000 0.000 0.000 0.000 0.100 1.000 1.000
€12 0.000 0.000 0.000 0.000 0.300 1.000 1.000
€13 0.000 0.000 0.000 0.000 0.750 1.000 1.000
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TABLE B-3. (continued)

(Top) Reqion (Bottom)

Fuel 7

Assembly ] 2 3 _4 _5 b

E14 0.000 0.000 0.000 0.;33 :.ggg :.g:g :.ggg

.000 0.000 0.700 1. . . .
:; g.ggo 0.000 0.000 o.ogg g.ggg :.ggg :.ggg

. 0.000 0.000 0.0 . . .
gz g.ggg 0.000 0.000 0.000 0.000 0.800 :.ggg
FS 0.000 0.000 0.000 0.000 0.000 0.700 . 0
EFé 0.000 0.000 0.000 0.000 0.000 0.450 1.00
F7 0.000 0.000 0.000 0.000 0.000 0.400 1.000
F8 0.000 0.000 0.000 0.000 0.000 0.400 1.000
F9 0.000 0.000 0.000 0.000 0.000 0.450 1.000
F10 0.000 0.000 0.000 0.000 0.000 0.600 1.000
Fi1 0.000 0.000 0.000 0.000 0.000 0.800 1.000
F12 0.000 0.000 0.000 0.000 0.000 1.000 1.000
F13 0.000 0.000 0.000 0.000 0.400 1.000 1.000
F14 0.000 0.000 0.000 0.400 1.000 1.000 1.000
F15 0.000 0.000 0.950 1.000 1.000 1.000 1.000
61 0.000 0.000 0.000 0.500 1.000 1.000 1.000
62 0.000 0.000 0.000 0.000 0.350 1.000 1.000
63 0.000 0.000 0.000 0.000 0.050 1.000 1.000
G4 0.000 0.000 0.000 0.000 0.000 0.800 1.000
63 0.000 0.000 0.000 0.000 0.000 0.500 1.000
66 0.000 0.000 0.000 0.000 0.000 0.300 1.000
67 0.000 0.000 0.000 0.000 0.000 0.200 1.000
8 0.000 0.000 0.000 0.000 0.000 0.150 1.000
69 0.000 0.000 0.000 0.000 0.000 0.200 1.000
610 0.000 0.000 0.000 0.000 0.000 0.350 1.000
611 0.000 0.000 0.000 0.000 0.000 0.400 1.000
612 0.000 0.000 0.000 0.000 0.000 0.850 1.000
613 0.000 0.000 0.000 0.000 0.150 1.000 1.000
614 0.000 0.000 0.000 0.000 0.450 1.000 1.000
615 0.000 0.000 0.000 0.500 1.000 1.000 1.000
H1 0.000 0.000 0.000 0.750 1.000 1.000 1.000
H2 0.000 0.000 0.000 0.000 0.300 1.000 1.000
H3 0.000 0.000 0.000 0.000 0.000 1.000 1.000
H4 0.000 0.000 0.000 0.000 0.000 0.7%0 1.000
HS 0.000 0.000 0.000 0.000 0.000 0.400 1.000
Hé 0.000 0.000 0.000 0.000 0.000 0.150 1.000
H7 0.000 0.000 0.000 0.000 0.000 0.000 0.900
HB 0.000 0.000 0.000 0.000 0.000 0.000 0.750
HY 0.000 0.000 0.000 0.000 0.000 0.000 0.800
H10 0.000 0.000 0.000 0.000 0.000 0.000 1.000
H11 0.000 0.000 0.000 0.000 0.000 0.300 1.000
H12 0.000 0.000 0.000 0.000 0.000 0.600 1.000
H13 0.000 0.000 0.000 0.000 0.000 0.950 1.000
H14 0.000 0.000 0.000 0.000 0.350 1.000 1.000
H15 0.000 0.000 0.700 1.000 1.000 1.000 1.000
K1 0.000 0.000 0.300 1.000 1.000 1.000 1.000
K2 0.000 0.000 0.000 0.000 0.300 1.000 1.000
K3 0.000 0.000 0.000 0.000 0.000 1.000 1.000
K4 0.000 0.000 0.000 0.000 0.000 0.700 1.000
KS 0.000 0.000 0.000 0.000 0.000 0.400 1.000
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TABLE 8-3.

{continued)

Mo
M1l
12
M3
14
N2
N3
N4

N4
N?

N1O
N1t
Ni2
NID
NI 4

{lop)

1 2
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.900 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
9.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

Reqion {Bottom)
3 4 5 6 i

0.000 0.000 0.000 0.030 1.000
0.000 0.000 0.000 0.000 0.73%0
0.000 0.000 0.000 0.000 0.400
0.000 0.000 0.000 0.000 0.300
0.000 0.000 0.000 0.000 0.900
0.000 0.000 0.000 0.2%0 1.000
0.000 0.000 0.000 0.630 1.000
0.000 0.000 0.000 0.930 1.000
0.000 0.000 0.3%0 1.000 1.000
0.000 0.2%0 1.000 1.000 1.000
0.000 0.700 1.000 1.000 1.000
0.000 0.000 0.400 1.000 1.000
0.000 0.000 0.100 1.000 1.000
0.000 0.000 0.000 0.800 1.000
0.000 0.000 0.000 0.430 1.000
0.000 0.000 0.000 0.100 1.000
0.000 0.000 0.000 0.000 0.800
0.000 0.000 0.000 0.000 0.600
0.000 0.000 0.000 0.000 0.700
0.000 0.000 0.000 0.000 1.000
0.000 0.000 0.000 0.300 1.000
0.000 0.000 0.000 0.700 1.000
0.000 0.000 0.000 1.000 1.000
0.000 0.000 0.400 1.000 1.000
0.500 1.000 1.000 1.000 1.000
0.000 0.000 1.000 1.000 1.000
0.000 0.000 0.230 1.000 1.000
0.000 0.000 0.000 1.000 1.000
0.000 0.000 0.000 0.700 1.000
0.000 0.000 0.000 0.300 1.000
0.000 0.000 0.000 0.030 1.000
0.000 0.000 0.000 0.000 1.000
0.000 0.000 0.000 0.130 1.000
0.000 0.000 0.000 0.330 1.000
0.000 0.000 0.000 0.930 1.000
0.000 0.000 0.000 0.850 1.000
0.000 0.000 0.130 1.000 1.000
0.000 0.000 0.450 1.000 1.000
0.400 1.000 1.000 1.000 1.000
0.000 0.000 0.450 1.000 1.000
0.000 0.000 0.200 1.000 1.000
0.000 0.000 0.000 0.950 1.000
0.000 0.000 0.000 0.700 1.000
0.000 0.000 0.000 0.400 1.000
0.000 0.000 0.000 0.400 1.000
0.000 0.000 0.000 0.300 1.000
0.000 0.000 0.000 0.4600 1.000
0.000 0.000 0.000 0.800 1.000
0.000 0.000 0.000 1.000 1.000
0.000 0.000 0.300 1.000 1.000
0.000 0.000 0.800 1.000 1.000
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TABLE B-3. (continued)
{Top) Reqion {Bottom)
Fuel
Assembly 1 2 3 4 5 6 !

03 0.000 0.000 0.000 1.000 1.000 1.000 1.000
04 0.000 0.000 0.000 0.000 0.750 1.000 1.000
05 "0.000 0.000 0.000 0.000 0.200 1.000 1.000
06 0.000 0.000 0.000 0.000 0.000 1.000 1.000
07 0.000 0.000 0.000 0.000 0.000 0.800 1,000
08 0.000 0.000 0.000 0.000 0.000 0.750 1.000
09 0.000 0.000 0.000 0.000 0.000 0.900 1.000
010 0.000 0.000 0.000 0.000 0.000 1.000 1.000
011 0.000 0.000 0.000 0.000 0.150 1.000 1.000
012 0.000 0.000 0.000 0.000 0.400 1.000 1.000
013 0.000 0.000 0.000 0.200 1.000 1.000 1.000
P4 0.000 0.000 0.000 0.750 1.000 1.000 1.000
P5 0.000 0.000 0.000 0.000 0.500 1.000 1.000
Pé 0.000 0.000 0.000 0.000 0.000 1.000 1.000
P? 0.000 0.000 0.000 0.000 0.000 1.000 1.000
P8 0.000 0.000 0.000 0.000 0.000 1.000 1.000
P9 0.000 0.000 0.000 0.000 0.150 1.000 1.000
P10 0.000 0.000 0.000 0.000 0.330 1.000 1.000
Pi1 0.000 0.000 0.000 0.000 0.400 1.000 1.000
P12 0.000 0.000 0.900 1.000 1.000 1.000 1.000
Ré 0.000 0.000 0.000 1.000 1.000 1.000 1.000
R?7 0.000 0.000 0.000 1.000 1.000 1.000 1.000
R8 0.000 0.000 0.000 1.000 1.000 1.000 1.000
R? 0.000 0.000 0.000 1.000 1.000 1.000 1.000
R10 0.000 .0.000 0.000 1.000 1.000 1.000 1.000
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TABLE 8-4. FRACTIONAL CORE BURNUP WITHIN INTACT ROD REGION

Upper Bound Case Lower Bound Case

Intact Fraction of Intact Fraction of
Axial Total Rod Burnup in Total Rod Burnup In
Region Burnup Burnup Intact Rods Burnup Burnup Intact Rods

1 294360 5530 0.019 294360 5330 0.018

2 616777 23817 0.039 616777 12681 0.020

3 109840 56955 0.080 709840 36938 0.052

4 688775 113955 0.16 688775 87510 0.127

5 666330 2483N 0.37 666330 187535 0.281

6 630134 548990 0.87 630134 470780 0.747

1 418710 418110 1.0 418710 409740 0.978

fraction of total core burnup in Fraction of total core burnup In
intact rods (upper bound) - 0.35 intact rods (lower bound) = 0.30
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